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FOREWORD

This report is the second part of the second volume of a nine-volume study entitled

Evaluation of Military Field-Water Quality. The first and third parts of this volume

address organic chemical contaminants and inorganic chemicals and physical properties,

respectively. Titles of the other volumes are as follows: Vol. 1, Executive Summa;

Vol. 3, Opportunity Poisons; Vol. 4, Health Criteria and Recommendations for Standards;

Vol. 5, Infectious Organisms of Military Concern Associated with Consumption:

Assessment of Health Risks, and Recommendations for Establishing Related Standards;

Vol. 6, Infectious Organisms of Military Concern Associated with Nonconsumptive

Exposure: Assessment of Health Risks, and Recommendations for Establishing Related

Standards; Vol. 7, Performance Evaluation of the 600-GPH Reverse Osmosis Water

Purification Unit (ROWPU): Reverse Osmosis (RO) Components; Vol. 8, Performance of

Mobile Water Purification Unit (MWPU) and Pretreatment Components of the 600-GPH

Reverse Osmosis Water Purification Unit (ROWPU) and Consideration of Reverse Osmosis

(RO) Bypass, Potable-Water Disinfection, and Water-QuMality Analysis Techniques; and

Vol. 9, Data f6: Assessing Health Risks in Potential Theaters of Operation for U.S.

Military Forces.

As indicated by the titles listed above, the nine volumes of this study contain a

comprehensive assessment of the chemical, radiological, and biological constituents of

field-water supplies that could pose health risks to military personnel as well as a detailed

evaluation of the field-water-treatment capability of the U.S. Armed Forces. The

scientific expertise for performing the analyses in this study came from the University of

California Lawrence Livermore National Laboratory (LLNL) in Livermore, CA; the

University of California campuses located in Berkeley (UCB) and Davis (UCD), CA; the

University of Illinois campus in Champaign-Urbana, IL; and the consulting firms of IWG

Corporation in San Diego, CA, and V.J. Ciccone & Associates (VJCA), Inc., in Woodbridge,
VA. Additionally a Department of Defense (DoD) Multiservice Steering Group (MSG),

consisting of both military and civilian representatives from the Armed Forces of the

United States (Army, Navy, Air Force, and Marines), as well as representatives from the

U.S. Department of Defense, and the U.S. Environmental Protection Agency provided

guidance, and critical reviews to the researchers. The reports addressing chemical,

radiological, and biological constituents of field-water supplies were also reviewed by

scientists at Oak Ridge National Laboratory in Oak Ridge, TN, at the request of the U.S.

Army. Furthermore, personnel at several research laboratories, military installations, and

agencies of the U.S. Army and the other Armed Forces provided technical assistance and

information to the researchers on topics related to field water and the U.S. military

community.'
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CONS'nUENTS OF MJI'TARY CONCERN FROM

NATURAL AND ANTHROPOGENIC SOURCES

Part 2. Pesticides

PREFACE

Water that may be used by military personnel in the field can contain many different

organic and inorganic chemical constituents. These chemicals may exist in a dissolved or

colloidal state or on suspended material, and they are present as a consequence of either

natural geochemical and hydrological processes or the industrial, domestic, or agricultural

activities of man.

The health risk to military personnel from a chemical constituent of field water is

largely a function of the frequency with which it occurs at concentrations that are high

enough to produqe a toxic or organoleptic (e.g., detectable taste or odor) effect that leads

directly or indirectly to the diminished ability of exposed military forces to perform

assigned tasks. To minimize performance-related effects in military personnel using

field-water supplies, the high-risk chemical constituents must be identified and analyzed.

The potential health risks of the contaminants can then be managed by adopting

field-water quality standards. The health effects that could occur when standards are

exceeded can be addressed on a case-by-case basis.

The objective of this volume of Evaluation of Military Field-Water Quality is to

indicate the chemical constituents of field water that are of possible military concern and

to describe the screening methodology and supporting data that we used to identify them.

Briefly, the screening methodology is separated into two phases. In both phases the

general approach consists of comparing (1) the maximum likely concentration in field

water of each possible chemical constituent with (2) a corresponding concentration we

estimate to be the threshold above which toxic effects, including impaired performance,

could occur. Our analyses are based on 70-kg military personnel consuming field water at

a maximum rate of 15 L/d. Maximum likely concentrations in field water for each

chemical are derived from our compilation of available U.S. and worldwide water-quality

monitoring data. However, in the first phase of screening we make conservative

assumptions to extrapolate the threshold concentration above which toxic effects could

occur in military forces from either oral-mammalian LD50 (lethal dose to 50% of a

population) data or Acceptable Daily Intake (ADI) values for humans. The result of this

ix
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screening procedure is to exclude from further consideration those chemical constituents
that are not expected to be of military concern. Although the conservative assumptions
incorporated into the initial screening exercise minimize the omission of substances that

may actually be of concern, some substances may be identified incorrectly as high risk.

Therefore, to refine the results of the initial screening effort, we reexamine the available

monitoring data and review the published human-toxicity data more carefully for each

chemical indicated to be of possible military concern. Next, we use any more appropriate
human-toxicity data (e.g., dose-response information from reported accidental poisonings,

occupational exposures, or therapeutic administrations) we find and apply it in the second
phase of screening. Then, as in the initial screening procedure, any ratio greater than

unity between the maximum likely concentration for a chemical in field water and the

concentration above which it could produce toxic or organoleptic effects in 70-kg military

personnel consuming field water at a maximum rate of 15 L/d indicates that the chemical

really could be of military concern. Because impaired performance can occur as a result

of indirect health effects, especially from heat illnesses caused by dehydration resulting

from reduced ýcpnsumption of poor-tasting water, we also screen the initial list of

chemicals by comparing maximum likely concentration data for each one with available

data corresponding to the concentration of the substance that represents the taste- or

odor-detection threshold in water.

To facilitate data acquisition, analysis, and review, as well as application of the

screening methodology, we separated the potential chemical constituents of field water

into three categories and divided Volume 2 into three corresponding parts. Part 1 covers

organic solutes (except pesticides), Part 2 addresses pesticides, and Part 3 focuses on

inorganic chemicals and physical properties.

X
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ABSTRACT

The purpose of this part of Volume 2 is to assess the hazard that pesticides in water
pose to the health and performance of troops stationed overseas. To assess the likely
exposure, the open literature was searched for reports of pesticide concentrations in
water, primarily outside of the United States. Based on 15-L.d water consumption,
pesticides found in concentrations causing an excess of an Acceptable Daily Intake (as
proposed by the World Health Organization) were further evaluated for their toxicity and
exposure potential. The assessment included information collected on quantities of
pesticides used around the world. Incidents of severe contamination of water by pesticides
were also investigated to identify situations that might involve serious pesticide

contamination.
As a result of the investigation, we found that pesticide contamination of large bodies

of water (e.g., lakes, rivers, and oceans) is generally not at levels that threaten troop
health or performance. Consequently, foreign water supplies need not be routinely treated
specifically to removu pesticides. The greatest threat to troop health from pesticides in
water appears to come from infrequent, transient occurrences of extreme contamination,
particularly in small bodies of water with little potential for dilution.

Because severe contaminations are known to occur, and because they would seriously
affect the health and performance ability of troops, it is recommended that the military
develop field techniques to detect certain classes of pesticides and selected individual
pesticides. Because pesticide-contaminated water may be the only available source of
drinking water, it is also recommended that the treatability of pesticides in water be
investigated. It must be recognized that, by accident or intent, any pesticide can be
present in water at levels that would render water unacceptable for use. However, lindane
is the pesticide that appears the most likely to be found at dangerous levels in water as a
result of its normal use. The most widely used organophosphates (e.g., malathion and
parathion) appear to present a less likely hazard, but these compounds should also be
considered for the development of detection techniques and for treatability studies.
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INTRODUCTION

Certain chemical constituents of field water can adversely affect the health of

military personnel and can diminish the ability of the individual soldier to perform
assigned tasks. The purpose of Volume 2 of Evaluation of Military Field-Water Quality is
to identify these chemicals. Key considerations in identifying these substancas are
(1) their occurrence in foreign water supplies, (2) the concentrations measured, and most

importantly (3) their toxicity. Volune 2 is divided into three parts: Part I covers organic

solutes (except pesticides), Part 2 addresses pesticides, and Part 3 focuses on inorganic

solutes and physical properties.

In this part of Volume 2, we assess the hazard that pesticides in water pose to the
health and performance of troops stationed in foreign countries. As a category, pesticides

are important because they are closely associated with agricultural irrigation and can be
present in both ground water and surface water. In addition, large volumes of pesticides

are used in all regions of the world, and many are known to be toxic to humans at

relatively low doses.
The methodology that we use to identify pesticides that may pose problems in

military field-water supplies includes a screening evaluation for potential toxicity in
water of all pesticides for which water concentration data are available, and a closer

examination of those pesticides that screening indicates could be found in water at
concentrations at or near toxic levels. Not all of the information needed by the personnel

responsible for the management of the risks that pesticides in water present to troop
health is currently available. These information gaps are described at the end of this part,
along with any pesticides considered to be used frequently enough and at high enough

concentrations that establishing related field-water quality standards would be beneficial

for troop health.

SCREENING METHODOLOGY

The purpose of pesticide screening is to identify any pesticides that might be in the
water supplies used by military personnel and to indicate the ones among these that are

most likely to cause performance-degrading or irreversible health effects, based on a

drinking-water consumption rate of up to 15 L/d. Distinguishing the most threatening

among these pesticides requires a qualitative assessment of the risks posed by each one.
Performing such an assessment not only requires identifying the pesticides likely to be
present in the water, but also estimating the concentrations of those pesticides and the
health consequences of consuming water with the expected levels of pesticide

2
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contamination. The methodology we use to screen the pesticides and to identify the most

threatening among them involves collecting the information mentioned above and

evaluating it in order to support a judgment as to which pesticides require

maximum-concentration standards.

A flowsheet illustrating the use of the information collected to evaluate the relative

risks presented by pesticides in drinking water is presented in Fig. 1. The procedure used

to identify the pesticides likely to be present in foreign water supplies is described below.

Following it is a description of the process used to evaluate the list of pesticides and to

identify those that are most likely to cause performance degradation and irreversible

health effects in troops.

PROCEDURE USED TO IDENTIFY PESTICIDES IN WATER SUPPLIES

As illustrated in Figure 1, three different kinds of data were examined to identify

the pesticides likely to be present in water supplies. The three kinds of data were

monitoring dati,, production and use data, and literature reports of illnesses caused by

pesticide-contaminated drinking water. Monitoring data showed which pesticides have

been identified in various drinking-water supplies and their concentrations. Production

and use data disclosed which pesticides have been manufactured and applied in the

greatest amounts. The ones used in the greatest amounts are more likely to find their way

into water supplies and to be present at toxic concentrations. The third kind of

information used to identify pesticides in water supplies was literature reports of illnesses

attributed to pesticide contamination of drinking water. The limitations of each source of

data are discussed below. We used the three different sources of data to create the list of

pesticides to be screened.

Monitoring Data

The purpose of using monitoring data on pesticide levels in water was to

characterize the extent to which troops stationed overseas would be exposed to pesticides

through water supplies. We wanted to know which pesticides had been found in the water,

what concentrations had been measured, which pesticides are most commonly present in

water, and which waters are most frequently and severely contaminated. The available

monitoring data alone could not answer all of these questions definitively, but it could

provide the best indications of the extent of exposure. Consequently, we put substantial

effort into collecting this information.

3
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Most of the monitoring data we collected was obtained from an extensive search of
the open world literature. Manual searches through the collections of various general and
specialized libraries and bibliographies uncovered many valuable reports. However, the
most productive sources of data proved to be computerized bibliographic data bases.
Fifteen data bases (Table 1) were searched for articles and reports back to 1970. After we

obtained relevant documents, cross-references to other authors were also investigated.

The concentration data reported from many studies were entered into a computerized data

base to facilitate evaluation.

During the course of our research we also discovered unpublished bodies of data on

pesticide levels in water. For a variety of reasons, not all of these data could be made
available to this study. Some of these data may be obtainable through diplomatic channels
or made available to the pubUc after the passage of time. We obtained other unpublished

information through personal communication with a number of organizations (see Table 2).

Pesticide Production and Use Data

The purpose of collecting data on the production and use of pesticides in foreign
countries was to identify the pesticides that are used abroad in large quantities.

Pesticides produced or used in large volumes are assumed to have a greater probability of
being present in water supplies at toxic concentrations. In addition, the production and

use data complement the monitoring data. For example, some pesticides are very difficult
to detect in water and may not be measured in the waters of some countries, even though
they are used extensively. These pesticides were evaluated more closely for their

potential to contaminate water supplies.

Information on the production and use of pesticides in foreign countries was
primarily collected from literature sources. For some countries, we supplemented these
sources with information obtained from conversations with individuals knowledgeable
about pesticide use in those countries. Statistical literature on pesticide use is abundant.

However, at present, there is no single guide to this subject on a worldwide basis.
Accordingly, we relied on several different sources. These are listed and briefly described

in Appendix A.

Health Incidents from Pesticide Contamination of Water

Another data source for identifying pesticides that might present health hazards as
drinking-water contaminants was documented incidents in which pesticides in drinking
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Table 1. Bibliographic data bases used to locate documents containing concentration data.

Chemical Abstracts

Aqualine

Aquatic Science Abstracts

Pollution Abstracts

Water Resources Abstracts

Toxline

Enviroline

NTIS
BIOSIS Previews

CAB Abstracts
Agricola

Oceanic Abstracts

Environmental Bibliography

Predicasts

Science Citation Index

Table 2. Organizations contacted to obtain information on the occurrence of pesticides.

USDA, Economic Research Service

Battelle Memorial Research Institute

SRI International

Predicasts

UN Environmental Program: International Register of Potentially Toxic Chemicals
Canada, Prairie Provinces Water Board. National Water Quality Data Bank (NAQUADAT)

Stauffer Chemical Company

UC Berkeley, Water Resources Archives
Egyptian Ministry of Agriculture

6
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water actually had caused human health problems. This type of data was completely

different from the two types previously described, which were limited to identification or

prediction of the presence of pesticides in water. As such, we felt that these additional

data assure that we had identified the most important potential pesticide contaminants.

To collect these data, we searched the open literature for any case reports or

epidemiology reports of human health effects attributed to pesticides in drinking water.

Evaluation of these incidents would help identify potential pesticide problems. These

incidents were also of value in assessing the relative importance of the different

pesticides and of pesticides as a class in comparison with nonpesticide organic and

Inorganic substances covered in Parts 1 and 3 of Volume 2.

PROCESS USED TO IDENTIFY PESTICIDES OF MOST CONCERN

AS WATER CONTAMINANTS

We assembled a rather long list of pesticides known or strongly suspected to be

present in wateA fromv. the different sources of data we reviewed. The next step was to

determine which pesticides would be likely to be found at concentrations too low to cause
human health effects, and to remove such pesticides from further consideration. This

separation process is referred to as the primary screening. The remaining pesticides were

evaluated to assess their likelihood of causing performance degradation in troops and to

determine whether the establishment of a maximum allowable concentration would help

protect troop health. This further evaluation is referred to as the secondary screening.
The methods and rationale for the primary and secondary screenings are described below.

Primary Screening

The primary screening is a comparison of the maximum pesticide concentrations

reported in water to concentrations judged to be acceptable for at least one year of

exposure. Pesticides found in water at concentrations exceeding acceptable

concentrations even once were flagged for closer scrutiny. Very conservative estimates

of acceptable concentrations for the assumed maximum exposure period of one year were

used to assure that pesticides omitted from further scrutiny were unlikely to cause human

health problems.

The acceptable concentration was based on Acceptable Daily Intake (ADI), as
recommended by the Food and Agricultural Organization of the World Health Organization
(FAO/WHO). ADI's are total daily doses judged by FAO expert panels to be

7
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acceptable for lifetime exposures. An ADI is given in units of mg/kg body weight, and we

converted this into a drinking-water concentration, using the assumption of a 70-kg adult

and a 15-Lid water consumption rate. The screening concentrations were calculated from

the ADI by

Cs - ADI•, (1)

where

Cs - screening concentration for human toxicity, mg/L;

ADI - acceptable daily intake, mg/(kgod);

W - reference body weight of a soldier, kg; and

I - maximum daily intake of water, L/d.

Typically, pesticide residues on food account for 90% or more of the exposure, and

residues in water only contribute a small fraction of the total daily exposure. Our

calculations used to derive the concentrations for screening comparisons do not account

for the intake 'of pbsticides from food. These values are nonetheless conservative

estimates of pesticide concentrations likely to produce adverse effects in humans because

the ADI is judged to be safe for a lifetime exposure, and our concern is a one-year

exposure. In addition, the assumed 15-L/d water consumption rate is unlikely to be

sustained for an entire year.

The FAO has not established ADI's for all pesticides; thus, in order to identify which

of these pesticides need further evaluation, based on screening comparisons, it was

necessary for us to use an additional method of calculating a screening concentration, not

based on an ADI. For these calculations, we employed the methodology described by

Layton et al.1 in Part 1 of Volume 2. This methodology is based on converting the oral

LD50 (lethal dose, expressed in mg of chemical per kg of body weight, to 50% of a

population of laboratory animals) for a particular chemical to a dose with a high

probability of being below a toxic threshold for humans--a lower-bound limit equivalent to

a no-observed-effect level (NOEL). Under this scheme, the LD5O (mg/kg) for a particular

chemical is multiplied by a conversion factor derived from a statistical analysis of the

ratios between LD50 values and subchronic (-90-d) NOEL's [mg/(kgod)] determined for

33 organic chemicals. The conversion factor selected for the purposes of the screening

effort was 0.004 d- 1 , the ratio corresponding to the tenth cumulative percentile of the log

normal distribution of all of the ratios (geometric mean of the ratios was 0.03 d- 1, with a

geometric standard deviation of 4.8). The calculated NOEL is then adjusted further by a

safety factor of 100 because this safety factor is used in the setting

8
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of standards and to account for inter- and intraspecies variations. Therefore, the

screening concentration for human toxicity for a particular pesticide (Cs), in units of mg/L

(based on a reference body weight of 70 kg and a maximum drinking-water consumption

rate of up to 15 L/d for military personnel), can be computed from its LD50 (mg/kg)

according to the expression:

LD50 * 0.004 . 70 (2)100 15

To simplify this computation for determining screening concentrations, the LD50 is

multiplied by 10-4. For purposes of completeness, we also applied this calculation to

those pesticides where ADI data were available,

In addition to the two ways for determining screening concentrations, we compared

the available taste- and odor-threshold concentrations for several pesticides (see

Appendix B) with their ambient water concentrations. The pesticide concentrations that

were found to exceed their taste or odor thresholds were noted, but they were not given

closer evaluation for potential health effects unless they also exceeded one of the

calculated screening concentrations for human toxicity.

Secondary Screeninf

The primary screening is a conservative approach because it is designed to identify

even those pesticides that would cause adverse effects following exposures of many years,

and the assumed exposure period for consuming field water is only one year. For example,

some pesticides are suspected of being carcinogenic, and their ADI' s are established at a

very low level, representing the FAO's judgments of an acceptably low cancer risk from a

lifetime exposure. The secondary screening is used to examine the pesticides that the

primary screening indicated to be of possible concern to troop health, and to separate the

pesticides that may actually cause performance-degrading effects in troops from the ones

that are unlikely to cause such effects during a one-year exposure period. Pesticides

unlikely to cause performance-degrading effects may still present some risk of chronic

effects (e.g., cancer). When evidence of this was available, it was mentioned in the

secondary screening evaluation.

The secondary screening evaluations assess the exposure to the pesticides by

identifying the common uses and extent of use of the pesticide. The typical and maximum

concentrations likely to be encountered are also discussed on the basis of monitoring data

and theoretical considerations (e.g., solubility in water). The likely human health effects

caused by the characterized exposures are then described.

9
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RESULTS

The results of this study are presented in two parts. The first describes the results

of the efforts to identify the pesticides likely to be present in water supplies used by
troops stationed overseas and presents a list of the identified pesticides. The second part

describes the results of efforts to evaluate the pesticide list and characterizes the hazards

that pesticides in water appear to present to troop health.

PESTICIDES MOST LIKELY TO BE PRESENT IN FOREIGN WATER SUPPLIES

The most useful information on the kinds of pesticides present in water, the level of

contamination, and the types of water bodies most likely to be dangerously contaminated

came from the monitoring data that we collected. These results are described below.

Supplementing and reinforcing the monitoring data are the findings from pesticide

production and use, as well as reports of health incidents attributed to pesticides in

drinking water..

Monitoring Data

The data base we created from our collection of monitoring data has approximately

500 sampling sites. Approximately 50% of the samples are within detection limits.

Chlorinated-hydrocarhon insecticides appear to be the most frequently occurring class of

pesticides. The compounds found most often were DDT, along with its isomer and
metabolites (o,p'-DDT, DDE, and DDD); BHC and its isomers (alpha-, beta-, and gamma-,
i.e., lindane); dieldrin and aldrin; heptachlor and heptachlor epoxide. A complete record of

the monitoring data has been assembled in Appendix C.

Limitations of Monitoring Data. The primary purpose of collecting the monitoring data
was to estimate the level of pesticides that troops might encounter in foreign water

supplies. The main shortcoming of the data is that so little of it is available. This appears

to be largely attributable to the lack of water-monitoring programs in most parts of the

world. In some countries monitoring data exist, but never reach the open literature, and

the government ministries or agricultural research institutes in possession of such data are

reluctant to release them. A much smaller amount of data has not been included in the

data base because we were unable to translate all of the foreign-language reports we
received, or because we were unable to locate all reports identified as containing

pertinent data.

10
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Another important limitation of the monitoring data is that the most severely

contaminated bodies of water are the least represented in the data base. On the basis of

measurements reported in the literature and conversations with individuals who are

familiar with pesticide practices in developing countries, the most severely contaminated

waters appear to be bmall sources, such as canals and reservoirs, adjacent to irrigated

lands. These sources are poorly represented in our data base. There are also relatively

little monitoring data available on the levtels of pesticide contamination in ground water.

The information that is available, however, suggests that pesticide levels in ground water,

like those in large rivers and lakes, tend to provide little reason for concern about human

health. This is particularly true for exposure periods that are limited to one year or less.

Most information is available on pesticide levels in large rivers and lakes. Dilution in

these large water bodies has most likely played a significant role in bringing about the

generally low levels of pesticides measured in them.

We made no attempt to critique the sampling or detection methods used for the

reported concentrations. When one or more reported values were substantially higher than

the bulk of the-reported measurements for a given pesticide, we did look at the high values

more carefully to be sure that there were no obvious errors, such as in the incorrect

reporting of units (e.g., pg vs mg). We also looked at the original article to see what events

led to such a high level, and we evaluated the feasibility of the highest concentrations in

light of the pesticide's water solubility. In some cases (e.g., DDT), it is possible to have

concentrations in natural waters that exceed the reported solubility of the pesticide,

which is usually measured in distilled water.

Pesticide Production and Use Data

Based on world pesticide sales in 1982 (see Table 3), the U.S. is the largest single

pesticide market in the world (33%). Western Europe (24%) is in second place, followed by

Japan (11.5%) and Eastern Europe (9%). The developing countries account for the

remaining 22.5% of world agrochemical sales. Brazil is the largest of the developing-

country markets, accounting for approximately 7% of world sales, with India and Mexico

each accounting for almost 2%. Although about 67% of the world market is in the

agriculturally developed countries, the developing countries, nonetheless, are quite active

in the manufacture of the active ingredients in pesticides.

As shown in Table 3, 50% of world herbicide sales are concentrated in the U.S. The

insecticide and fungicide markets, however, are mostly in other parts of the world.

Western Europe for instance, comprises 40% of the world fungicide sales. Likewise, the

developing countries account for 40% of the world insecticide market.

11
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Table 3. Worldwide pesticide sales by geographical area - 1982.2

Pesticides
Area Herbicides Insecticides Fungicides Othera Total

% of total sales

USA 50 26 ii 41 33
Western Europe 20.5 14.5 40 39 24

Japan 9.5 12.5 16 2.5 11.5

Eastern Europe 8.5 7 12.5 7 9

Rest of world 11.5 40 20.5 10.5 22.5

a Nematocides, fumigants, and plant growth regulators.

These global differences in the pesticide market reflect the diversification of

agriculture thr6iighout the world. Seven crop sectors account for over 75% of the total
worldwide market in agrochemicals (see Table 4). Maize requires the largest use of

herbicides. It is also a major U.S. crop that greatly contributes to the high use of

herbicides in the U.S. Insecticides, on the other hand, are used mostly for cotton, fruit,

and vegetables. These crops are widely grown in the developing countries, the largest

insecticida market in the world. Similarly, Western Europe, with the bulk of world

fungicidd sales, cultivates 70% of the vineyards in the world.

Asi e from these broad pesticide usage patterns, little information exists concerning

actual consumption and production within individual countries. Predicting which specific

pesticides are most likely to be used in a given country is complicated by several factors,

among which are the diversification of crop type from locale to locale, the great variation

in kinds of pesticides used on a given crop, and the cost of the pesticides. In fact, cost

generally dictatas the selection of pesticides, especially in the poor, developing nations.

Changing agricultural practices, regulatory restrictions, and resistance of pests to

insecticides increase the variability of worldwide pesticide use. Thus, if troops were

entering an agricultural area where pesticide contamination of the water would be likely,
it would not be possible to predict which pesticides were being used without very recent,

local information.

Assorted sales and use data on insecticides in Egypt, India, Brazil, China, and the

U.S. are presented in Tables 5 through 9, respectively. It is not surprising to find that the

insecticides most frequently appearing in the monitoring data (DDT, BHC, and lindane)

12
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Table 4. Worldwidea pesticide sales for selected crops. 2

Pesticides

Target crop Herbicides Insecticides Fungicides

Sales (millions of 1982 dollars)

Fruit and vegetables 425 1160 1300
(includes vines)

Maize 1140 440 40

Rice 490 645 380
Cotton 325 1020 40
Soybeans 980 130 50
Wheat 650 100 345
Sugar beets 315 105 45

a Accounts for over 75% of the total worldwide market in agrochemicals.

are large-production chemicals as well. Although these particular chlorinated
hydrocarbons are no longer widely produced in the U.S., they are still produced and used
throughout the rest of the world. However, the demand for them is expected to remain
static until the mid-1980's, and then decline thereafter (see Table 10). Conversely,
carbamates and organophosphorus compounds are expected to increase substantially on a
worldwide basis.

Herbicide and fungicide demand is also expected to increase throughout the world.
Both North America and Western Europe are expected to double their use of these

chemicals by the 1990's (based on 1975 figures). In other regions of the world, the demand
for herbicides in the 1990's will grow by as much as eight times the amount used in 1975.9

Health Incidents from Pesticide Contamination of Water

Our literature search.e., uncovered a compilation of reported in..idents of acute
pesticide poisoning due to occupational exposures and accidentally contaminated grains
and other foods. 10 However, there are relatively few documented cases of acute health
effects due to pesticide-contaminated drinking water. Virtually all of the reports are
from the United States. Those reported incidents related to pesticide -contaminated water
were examined more closely and are summarized in Tajle 11.
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Table 5. Amounts of major insecticides imported and used in Egypt (1950 to 1980).3

Imported quantity
Compound (metric tons) Years of consumption

Toxaphene 54,000 1955 to 1961
Endrin 10,500 1961 to 1981
DDT 13,500 1952 to 1971

LUndane 11,300 1952 to 1978
Carbaryl 21,000 1961 to 1978

Trichilorphona 6,500 1961 to 1970
Monocrotophos 8,300 1967 to 1978

Leptophos 5,500 1968 to 1975
Chlorpyrifos 9,500 1969 to 1981
Phosfolan 4,500 1968 to 1981

Mephosfolan 6,000 1968 to 1981
Methamidophos/Azinpbos - methyl 4,500 1970 to 1979

Triazophos 3,500 1977 to 1981
Profenofos 4,000 1977 to 1981

Methomyl 3,500 1976 to 1981
Fenvalerate 4,500 1976 to 1981

Cypermethrin 2,300 1976 to 1981

Decamethrin 1,400 1976 to 1981

a Nonproprietary name used in Great Britain for trichlorfon.

Unfortunately, descriptions of the events leading to the water contamination were
not available for all of the incidents listed in Table 11. However, it can be seen from the

descriptions that are available that at least some of the ways in which the water became
contaminated (e.g., back-siphoning or deliberate contamination) do not appear to be
related to the specific pesticide. The same incident just as easily could have taken place
with a different pesticide.

The literature confirmed that pesticides occasionally find their way into drinking

water at toxic levels. The available information did not suggest that any single pesticide

or class of pesticides causes repeated, acuto outbreaks from the contamination of
drinking-water supplies. It should also be noted that nausea, vomiting, abdominal pain,
and diarrhea are commonly repoited as the health effects attributed to
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Table 6. Production of technical-grade pesticides in India (1978 to 1981).4

Quantity (metric tons)

Compound 1978 to 79 1979 to 80 1980 to 81

BHC 35,254 31,806 28,760

DDT 4,476 4,531 4,004

Malathion 2,845 2,136 1,264

Parathion 2,242 2,552 1,213

Metasystox 208 139 150

Fenitrothion 401 350 116

Dimethoato 721 804 817

Phosphamidon 563 585 451

DDVP (Dichlorvos) 278 218 103

Quinalphos 379 546 385

Phenthoate 11 -- 0.6

Carbaryl 767 1,501 1,155

Endosulfan 36 133 496

Monocrotophos 46 171 338

Fenthion --.. 54

Copper oxychloride 1,199 1,199 1,147

Thiocarbamates -- 1,733 1,159

Nickel chloride 48 12 39

Organomercurials 130 135 179

Carbendazim (bavistin) 25 27 28

Basalin -- 2 13.5

2,4-D 316 192 338

Nitrofen propanil 25 109 1.5

Paraquat 48 402 73

Ratafin 13 11 3

Cycocel .... 4.6

Zinc phosphide 170 158 107

Aluminum phosphide 591 249 710

Methyl bromide 34 19 33

Ethyl dibromide 40 20 25

Antibiotics -- 15 4.7
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Table 7, Amount of imported and nationally produced insecticides during 1979 to 1981 for
Brazil.,

Year Year

Insecticides 1979 1980 1981 1979 1980 1981

(common name) Imported (tons)a Nationally produced (tons)a

Aldicarb 2,046 1,055 1,006 ......
Aldrin 962 1,026 725 ......
B. thuriniensis 177 279 17 -- -- --

BHC -- -- -- 3,230 4,099 2,070
Carbaryl 1,955 1,438 276 -- -- --

Carbufuran 440 396 433 ......
Carbophenothion 205 140 189 --....

Camphechlor (Toxaphene) -- -- -- 3,893 ....
Chlorpyrifos 411 513 421 -- -- --

DDT -- -- -- 4,444 2,752 1,818
Diazinon 144 122 134 -- -- -

Dichlorvos 100 70 190 -- -- --

Dicrotophos -- -- - 450 462 190
Dimethoate , 1,025 210 40 20 373 225
Disulfoton 478 220 314 -- -- --

Endosulfan 1,050 1,200 307 ......
Endrin 1,474 459 215 -- --..

Parathion 255 -- -- 347 224 96
Fenthion 140 95 20 -- -- 119
Heptachlor 339 259 379 -- -- --

Malathion -- -- -- 1,170 364 787
Demeton, methyl 145 272 -- -- -- 158
Parathion, mathyl 3,484 2,871 1,507 3,484 2,871 1,507
Minerel oil 3,018 2,500 -- -- 529 1,514
Monocnetophos -- -- -- 2,200 2,396 938
Omethoate 85 143 140 -- -- --

Phorate 145 76 198 ......
Phosphamidon 240 110 80 -- -- --

Trichlorfon 668 464 183 653 1,126 891
Wettable sulfur 2,223 2,682 239 -- 225 2,325
Other 36 83 81 -- -- --

Total 18,795 16,165 5,945 19,891 15,421 13,233

a To convert to metric tons, multiple these values by 0.907.
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Table 8. Insecticide production and use in China for 1982.6

Insecticide Quantity (tons)a

BHC 200,000
Lindane 2,000
DDT 10,000 to 20,000
Trichlorphon 50,000
Malathion 50,000
Methyl/ethyl parathion 25,000
Dimethoate small
Systox 300
Carbaryl 300
Fenitrothion small

a To convert to metric tons, multiply these values by 0.907.

Table 9. U.S. insecticide use on corn, rice, cotton, soybeans, and wheat. 7,8

Year

Compound 1966 1976 1982

Millions of poundsa

Toxaphene 28.6 29.2 5.6
DDT 19.9 -- --

Aldrin 14.2 --..

Methyl parathion 7.3 22.1 10.4

Parathion 4.4 -- --

Carbofuran -- 10.3 5.3

EPN -- 6.2 --

Carbaryl -- 5.8 --

Phorate -- 5.8 --

Terbufos ..-- 8.7

Fonophos .... 5.1

a To convert to metric tons, multiply these values by 4.54 x 10-4.
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Table 10. Changes in demand for types of insecticides by main user regions (1975 to
l990).9

1975 1990 (est.)
North Western Other North Western Other

America Europe regions America Europe regions

Millions of dollars

Organophosphates 290 220 590 750 400 1300
Carbamates 120 90 260 320 170 560
Chlorinated hydrocarbons 68 50 202 30 30 140
Nonchemical insecticides 15 5 20 100 50 50
Arsenic-based compounds 7 10 3 .. ... -i

Total 500 375 1075 1200 650 2050

pesticide-contaminated water (see Table 11). Nevertheless, nonspecific effects such as
these can be expected to be underreported, particularly in areas where microbial
contamination of local drinking-water supplies is common. In addition, there are many
reports of acute outbreaks of such health effects where the drinking water has been the

suspected source of an unidentified causative agent.20 Some of these outbreaks could
have been caused by pesticides. Thus, while it does not appear that pesticide
contamination of drinking water is a common occurrence, we should be cautious in
concluding that it is as infrequent as the few well-documented reports suggest.

PESTICIDES OF MOST CONCERN AS CONTAMINANTS IN FOREIGN WATER SUPPLIES

The results of the two-stage evaluation to identify and characterize the most serious
pesticide hazards are described below. The primary screening identified ten pesticides
that warranted further scrutiny. The evaluations of the ten individual pesticides
constitute the secondary screening and follow the discussion of the primary screening step.

Primary Screening

Table 12 presents data and lists the 50 pesticides for which we found monitoring data
in the open literature. The underlined pesticides are those that met the criteria for
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Table 11. Health incidents from pesticides in water.

Source of water
Pesticide contamination Health effects Concentration Ref.

Arsenic Groundwater Nausea, burning 10 to 21,000 pg/L 11
mix contamination of mouth, pares-

from waste thesia, weakness
disposal of extremities

Sodium Leachate Vomiting, 125 mg/L 12
arsenite from lawn stomach pains

Dieldrin Leachate Cancer 0.5 to 65 ng/L 13
from farms (lymphoma)

Chlordane Back- Abdominal pain, 1,200 mg/L 14.15
siphonage eye irritation

Chlordane Deliberate Abdominal pain, 6,600 jig/L 16
poisoning eye irritation

Organo- tUnkown Unknown Unknown 17
phosphates

Unknown Treatment Headache, Unknown 18
herbicide of lawn vomiting,

dizziness

Methyl Uncertain Death in 2 of 7 138 to 275 jig/Lb 19
parathion children, lethargy,

increased salivation
and respiratory
secretions, pinpoint
pupils.a

a Originally diagnosed as viral gastroenteritis.

b Concentrations measured in water containers in house of affected children.

further evaluation; that is, the maximum reported concentration exceeded either the

ADI-based screening concentration or the LD50-based screening concentration.

Presumably, the pesticides that are not underlined are unlikely to be found at levels that

threaten health, even for long-term exposure. Similarly, the pesticides that are not

underlined are considered unlikely to be found at levels that would cause performance

degradation in troops.
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Taste and odor thresholds (see Appendix B) were compared to maximum reported
concentrations in water (see Appendix C and Table 12). Threshold concentrations were not
available for all pesticides reported in our monitoring data base. However, the pesticides
which were present at levels exceeding their taste or odor threshold included DDT,
lindane, malathion, and methyl parathion.

Secondary Screenini

The following section states the results of the secondary screening of the ten
pesticides identified in the primary screening. The section describes the events leading to
the presence of each subject pesticide in water, characterizes each exposure ( e.g., level
and duration), and discusses the probable consequences of the exposure. The pesticides
evaluated include aldrin, DDT (including DDE and DDD), diazinon, dieldrin, endrin,
leptophos, lindane (including other BHC isomers), malathion, phosphamidon, and

toxaphene.

Aldrin. Aldrin is a broad-spectrum, nonsystemic soil insecticide.23 It readily oxidizes to
dieldrin, its main metabolite. 24

Although aldrin is no longer produced in the U. S., it is still used here in deep ground
insertions for termite control, nursery dipping of roots and tops of nonfood plants, and

fabric mothproofing when there is no effluent discharge.25'26 Previously, however, the
major U.S. agricultural use had been for control of soil insects that damage corn and citrus
crops. 25 Its use on food crops has since been cancelled on the basis that it may cause
severe environmental damage and is a potential carcinogen. 2 5 '26 Outside the U.S., aldrin
is still widely used on corn, root crops, sugar cane, and fruit crops. 23 In addition, it is also
used for seed treatment. 23

In the open literature, the reported concentrations of aldrin in water ranged from 0
to 1.8 pg/L (see Appendix C). The typical average value for detected samples was less than
0.5 pg/L. The highest value (1.8 pg/L) was detected in Malaysian paddy water, as were the
majority of high concentrations27 . Unfortunately, the author did not give an explanation
for these values. Given aldrin's water solubility of up to 180 pg/L (at 25*C), it is
reasonable to believe that the monitored values do exist.28-29

Aldrin is a persistent chlorinated-hydrocarbon insecticide. 23 Since it is used
primarily as a soil insecticide, it enters water systems by way of soil erosion and sediment

transport.20 Aldrin is rapidly converted to dieldrin and remains persistent in the
environment in that form. Studies have shown that the conversion of aldrin to dieldrin in
river water -was 80% complete after 8 wk. 0 In soils, residues of aldrin may persist for
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years. In one study, 26% aldrin remained after 1 y, 5% after 3 y.30 Other studies show a

75 to 100% disappearance from soils in I to 6 y.3 1 Furthermore, aldrin has little tendency

to volatilize or leach and thus tends not to move away from the treated area. 3 2 In soils,

the major route of breakdown of aldrin is by microbial degradation.30 In aquatic

environments, biotransformation, volatilization, bioaccumulation, and indirect photolysis

appear to be involved in the degradation of aldrin. 2 9

For a 70-kg individual who drinks 15 L of water per day, we estimated the

dose-response (concentration in water - dose [mg/(kg * d)] x 70 kg/15 L of water per day)

of aldrin in water. As can be seen in Table 13, the maximum concentration reported in the

open literature (1.8 pjg/L) and the solubility of aldrin in water (up to 180 Pg/L at 25°C) are
well below the no-effect level (1000 iig/L). Hence, although aldrin persists in the

environment, reported concentrations do not approach levels that might be harmful to
military personnel. The International Agency for Research on Cancer (IARC) evaluated

the carcinogenicity of aldrin and found two studies on rats to be negative and two to be

inadequate; a fifth study on mice was also judged to be inadequate. 3 5 A study on exposed
workers was ju'dged insufficient to allow conclusioJi of excess cancer risk.36

DDT. Technical DDT is a mixture including about 70 to 73% of the p,p'-isomer, 12 to

21% of the o,p'-isomer, and a small amount (about 0.01 to 6%) of the o,o'-isomer. 29

DDT can degrade in the environment to DDD and DDE. Most monitoring data are available

for the p,p'-isomer, but there is also a relatively large amount of data on the o,p'-isomer

and on DDD and DDE.
Although DDT was banned from large-scale use in the United States in 1973, large

amounts of it are still used for insect control in many parts of the world. It is used on
many crops and is applied directly to water for mosquito eradication in the malaria control

programs of many countries.
The DDT concentration reported in various waters from around the world are, with

very few exceptions, less than 1 pg/L. One study reported finding DDT at 1500 pig/L in a
rural pond in India. 3 7 This is more than 10 times greater than the next highest average

reported concentrations, which are from the Seyhan Delta of Turkey (see Appendix C,

Table C-18). The highest levels of DDT are usually reported following storms37, 38 and

are probably related to the sediment burden of the runoff. 3 9

The generally low levels reported for DDT concentrations are consistent with the

extremely low solubility of DDT in water. Reports of DDT solubility in water vary from

>1.2 to 85 pg/L. 2 9 Levels in natural waters containing organic material can greatly

exceed the levels soluble in distilled water 40 , or DDT may be present in water as an
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Table 13. Dose-response data for aldrin.

Equivalent expressions for dosea
Food Water

contaminant concentationb
[mg/(kg.day)] (pg/L) Responsec Ref.

0.0001d 0.47 Acceptable Daily Intake (ADI) 21, 33
0.20 930 No effect (dog) 34
0.2 1000 No-clinical-effects level (2 y) 34

8.2 38,000 Death (child) 34
14.0 65,000 Central nervous system problems 30

25.6 120,000 Acute convulsive poisoning 34

56.0 260,000 Death 30
65.0 300,000 Estimated median lethal dose 26

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg aduli consuming 15 lid of field water.

b Maximum water concentration reported: 1.8 pg/L (see Appendix C); solubility of
aldrin in water: up to 180 pg/L at 25*C.

c Human dose-response unless otherwise indicated.

d No separate ADI for man has been set for aldrin, although a total dieldrin and aidrin
ADI for man of 0.0001 mg/kg body weight has been recommended.

emulsion rather than in a truly dissolved form. The report of 1500 Vg/L did not describe
the sampling or analytic methods used, nor did it offer any explanation of how such a high

level was attained.
Table 14 shows water concentrations that would deliver acutely toxic doses of DDT

if 15 L of water was consumed daily by a 70-kg adult. The acutely toxic concentrations
are about 10,000 times higher than typical DDT concentrations reported in the literature.

The concentration that corresponds to the Acceptable Daily Intaku (ADI) for DDT is

23 pg/L and is higher than most of the cnncentrations reported in the literature, which are

predominantly below 1 pg/L.

However, as the DDT levels in the pond water from India indicate, very high
concentrations may be present in some situations. As can be seen in Table 14, the
1500-pg/L concentration reported from the pond is well below the concentration

associated with an acutely toxic dose (28,000 pgiL). It is even somewhat lower than the

concentration associated with a dose that was tolerated for 600 d (2300 jAg/L) without
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Table 14. Dose-response data for DDT.

Equivalent expressions for dosea

Food Water
contaminant concentrationb
[mg/(kg.day)] (pg/L) ResponseC Ref.

0.005 23 Acceptable Daily Intake (ADI) 21, 41

0.5 2,300 No clinical effects after 42
>600-d exposure

6 28,000 Smallest dose with clinical effect; 43
nausea, headache, perspiration

10 47,000 No signs of poisoning below this dose 43

in healthy people

16 75,000 Convulsions appear 43

a Water concentration is calculated from the food-contaminant dose on the basis

of a 70-kg adult corsurning 15 L/d of field water.

b Maximum water concentration reported: 1500 pg/L (see Appendix C); solubility of

DDT in water: >1.2 to 85 pg/L. 2 9

c Human dose-response unless otherwise indicated.

producing clinical effects, although increased body storage of DDT was detected.42 DDT

has been tested for carcinogenicity in sevreral arimal species, and some of these tests

produced positive results (e.g., in mice). 36 Human data were not considered by [ARC to

be sufficiant tu support a conclusion.36

Because of the low water solubility of DDT and the low human toxicity of DDT, it

appears that the probability is low that DDT in drinking water will cause acute or chronic

health problems in troops. However, one caveat to this conclusion is that unpredictably

high levels of DDT may arise following its direct application to water for such purposes as

mosquito control. In such uses, DDT may be present as an emulsion, may be floating on

top, or may be adsorbed by organic matter in the water.

Diazinon. Diazinon is a nonsystemic, broad-spectrum insecticide/acaricide.2 3 Its main

metabolites are diazoxon, hydroxydiazinon, pyrimidinol, and hydroxypyrimidinol.44
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Several uses for diazinon are described in two r6ports addressing agricultural

chemicals and pesticides. 2 3 '2 4 For example, in the U.S., diazinon is used on various fruits,
vogetables, root crops, and vineyards for the control of sucking and leai-eating insects. It

is also used for seed treatment and as a soil preplanting insecticide, Diazinon is often

used in veterinary practice for flea, lice, tick, and fly control, It is also used to treat

cracks and crevices for insect control. Outside the U.S., diazinon is used for the control

of stemborers and leafhoppers in rice. It is also used for ectoparasites (e.g., mange,

blowfly) on livestock.
Based on studies reported in the open literature, it appears that diazinon is seldom

detected in water samples (see Appendix C, Table C-19). The highest reported occurrence
of diazinou was in rice paddy water in Iran. 458 However, this study was conducted for

experimental purposes to assess the breakdown rate of diazinon in rice fields. A maximum

concentration of 60 jRg/L was detected immediately after application. However, by the
tenth day, no diazinon remained in the water. The maiximum concentration (60 jPg/L) is

well below diazinon's water solubility of 40,000 p.g/L (at 20°C).2 4' 3 1

Diazinon is considered to be a moderately persistent pesticide. 3 2 It usually enters

water systems by means of leaching or surface runoff. However, aquatic systems remote

from target areas are unlikely to be adversely affected, unless heavy rainfalls occur

shortly after application.32 The half-life of diazinon varies with pH values. For instance,

at pH 3.14 the half-life in water was 0.5 d, while at pH's of 7.4 and 10.9, the half-life was

185 and 6 d, respectively. Therefore, it appears that at high or low pH, diazinon has a

short half-life; however, at a neutral pH it has a long half-life. In soil, the half-life of

diazinon ranges from 2 to 6 wk.32' 4 4 Generally, after six months, less than 10% of

diazinon still remains. 32 Contamination of soil occurs either by direct application as soil

insecticide or by runoff from treated plants.44 Diazinon does not move freely in soil with

water, and loss by leaching does not appear to be a maior factor in its disappearance from

soil.46 Instead, the primary pathway of degradation in both soil and water is hydrolysis. 3 2

As can be seen hi Table 15, the maximum concentration detected in world

monitoring studiec (60 pg/L) is below toxic levels (assuming that a 70-kg human consumes

15 L of water per day.) Given its typical concentrations and its persistence in water

(half-life - 14 d at pH 6.0), diazinon does not appear likely to cause poisoning of military

personnel. Data from chronic oral-toxicity studies do not suggest that diazinon is

oncogenic.47

Dieldrin. Dieldrin is a nonsystemic soil insecticide. No data on water metabolites were

found. However, Sanborn et al.48 state that dieldrin itset! is one of the most persistent

chlorinated pesticides.
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Table 15. Dose-response data for diazinon.

Equivalent expressions for dosea

Food Water
contaminant concentrationb
[mg/tQg.day)] (pg/L) Responsec Ref.

0.002 9 Acceptable Daily Intake (ADI) 21,33

0.020d 93 No effect 34

0.05 230 Minimal effect, 40% depression 46
of plasma cholinesterase

11 51,000 Severe poisoning 34

90 to 444 420,000 to Death 34
2,000,000

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult tlonsumning 15 lid of field water.

b Maximum water concentration reported: 60 !ag/L (see Appendix C); solubility of
diazinon in water: 40,000 pg/L.

C Human dose-response unless otherwise indicated.

d Some poisoning episodes, either in connection with formulations, or with the
susceptibility of children, or both, cast doubt on this conclusion.

Preharvest uses of dieldrin include soil treatment against various insects, and seed

treatment of grains, sugar beets, leeks, and onions. In addition, dieldrin is used in foliar

treatment of agricultural crops, fruits, nursery stocks, and ornamentals. In tropical and

subtropical regions, dieldrin controls disease vectors and locusts. 4 9 The worldwide use

pattern of dieldrin has changed considerably during the last few years because of

restrictions in many countries. 49 Therefore, it is difficult to assess the areas of greatest

use.

In comparison with other pesticides, many water-concentration values were reported

for dieldrin in the open literature. For example, average reservoir-water levels in Israel

range from "not detected" to 0.0002 pg/L, and groundwater levels in Egypt raniged from
"not detected" to 0.3 gig/L. The highest level of dieldrin, 1.03 pg/L, was found in drinking

waters in the Virgin Islands. According to the authors of the article in which this

concentration was reported, the "water may be imported from areas like Puerto Rico,

where insecticide use is probably more common."150  The next highest value,
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0,5 pg/L, was found in canal water in Malaysia. The solubility of dieldrin in water is
186 As/L. 51 Therefore, it is reasonable to assume that a maximum concentration of

1.03 •&/L or higher could be attained in the aquatic environment.
As mentioned earlier, dieldrin is one of the most persistent chlorinated pesticides.

Few data are available on the biodegradation of dieldrin. We do know that the

biodegradation process is very slow and may be the ultimate loss process in sediments. In
contrast, volatility (half-life of a few days or hours) and photolysis (half-life of 2 me) are

the principal processes that remove dieldrin from aquatic systems. 29,52 Processes such as
oxidation and hydrolysis do not significantly affect that fate of dieldrin.

Health effects in humans from exposure to dieldrin have been investigated. 53-55

Hunter et al.55 found that patients given 0.211 mg/(kg.d) of dieldrin for two years did not
show any clinical effects (e.g., body weight, clinical chemistry, and hematological
findings, including plasma alkaline phosphatase and EEG changes). Assuming that a 70-kg
man drinks 15 L of water per day, 0.211 mg/(kg.d) corresponds to 980 JAg/L (see Table 10).
In addition, Jager 54 found that men in the workplace could tolerate 0.0332 mg/(kg.d)

(corresponding to 155 pg/L) for up to 15 y. WHO's 1977 Acceptable Daily Intake (ADI) is
0.0001 mg/kg, corresponding to 0.47 pag/L. 21 Dieldrin produced liver tumors in mice, and
this has been confirmed in several studies. 36 Tests on other species and human

epidemiology studies were considered inconclusive. 36

The highest concentration reported in the literature (1.03 pg/L) is at or below the

no-effect concentrations listed in Table 16. Thus, ingesting water with the highest

concentration of dieldrin found is not expected to cause adverse effects. Convulsions,
followed by recovery, were observed at 23 ms/tkg.d), corresponding to 107,000 pg/L (again
assuming that a 70-kg human drinks 15 L of water per day). Howevar, this value exceeds

the maximum solubility value for dieldrin (186 vs 107,000 pg/L). Typical dicldrin levels

appear more likely to be near the median, 0.008 l&g/L (antilog of the mean of the natural
logarithms of the highest reported values, see Appendix C, Table C-20), which is well

below the level corresponding to the ADI. Therefore, dieldrin in drinking water is not
considered likely to endanger the health or performance of military personnel.

Endrin. Endrin is a nonsystemic insecticide. Patil et al. 56 obtained an unknown

metabolite of endrin in a 36% yield from marine fish-pond water. Unfortunately, no other
water metabolite data are available.

Endrin is used mainly on field crops and in particular on cotton.51 It is also used for
rice, small cereal grains, and sugar cane. 57 Endrin is effective against a wide range of

insect species. In addition, endrin is used as a soil insecticide. 23

28



Volume 2, Pt. 2

Table IS. Dose-response data for dieldrin.

Equivalent expressions for dosea

Food Water
contaminant concentrationb
[mig/(kgday)] (j.g/L) Responsec Ref.

0.0001 0.47 Acceptable Daily Intake (ADI) 49

0.0332 155 Tolerated for 15 y 50

0.211 980 No clinical effect level (2 y) 55

23 107,000 Convulsions, child 34
(with recovery; single dose)

65 303,000 Death 26

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 L/d of field water.

b Maximum '4ater ýoncentration reported: 1.03 pg/L (see Appendix C); solubility of
dieldrin in water: 186 jpg/L. 51

c Human dose-response unless otherwise indicated.

Concentrations of endrin reported in the open literature came from a variety of
water types. In many of the waters around the world, endrin is undetectable. However,
when detected, values typically are less than 0.012 jAg/L. The highest concentration,
1.5 )Ag/L, was found in Nile River water at Giza in Egypt (see Appendix C). Unfortunately,
the authors did not explain the source of the pesticide. Because the solubility of endrin is

230 pg/L,58 it is reasonable to believe that the maximum reported level or even greater
could be attained in water.

Many aspects of the fate of endrin are unknown. For example, no information is

available on the oxidation, volatilizetion, or sorption of endrin in aquatic. systems.
Similarly, hydrolysis (half-life about 4 y) does not seem to significantly affect the fate of
endrin.5 9 However, both photulysis and bioaccumulation appear to play significant roles.
Bioaccumulation factors on the order of 103 to 104 have been observed.29

Hayes 60 reported that a 0.20- to 0.25-mg/kg dose of endrin causes a single
convulsion, and a 1-mg/kg dose of endrin causes repeated, nonfatal convulsions
(Table 17).34 Notice that the water concentration corresponding to the dose that causes a
single convulsion (930 to t200 j8g/L) is grcoter than the maximum solubility
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Table 17. Doee-response data for endrin.

Equivalent expreulons for dosea

Food Water
contaminant concentrationb
(mgl(k.day)] ()Ag/L) Responsec Ref.

0.0002 0.90 Acceptable Daily Intake (ADI) 21, 81

0.014 65 Occupational intake standard 34

0.025 120 NOEL (dog) 61

0.20 to 0.25 930 to 1200 Single convulsion 60

4,600 1.00 Repeated, nonfatal convulsions 34

7 to 15 33,000 to Acute oral LD50 (rat) 28
70,000

30 140,000 Fatal to child 60

86 400,000 Lethal dose 61

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 lid of field water.

b Maximum water concentration reported: 1.5 pg/L (see Appendix C); solubility of endrin
in water: up to 230 pg/L. 5 8

C Human dose-response unless otherwise indicated.

concentration (230 pg/L). In fact, the dose that causes a single convulsion is greater than

the maximum concentration detected, 1.5 pg/L, and much greater than the concentration

typically detected (<0.012 pg/L). The IARC reviewed animal studies of endrin

carcinogenicity and concluded that one study on rats was negative; they found that two

other studies, one on rats and one on mice, were insufficient for evaluation. 36

Although endrin appears to be relatively persistent in the aquatic environment,

solubility parameters reduce the likelihood of endrin rising to a concentration that could

cause a toxic response. Moreover, the highest reported concentration of endrin found in

world water supplies does not approach toxic levels. Therefore, based on theoretical

considerations and the available monitoring data, it seems unlikely that endrin would

adversely affect military personnel.

A
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Lectoghos. Leptophos is a broad-spectrum, nonsystemic insecticide. 62 Although it was
never licensed for general use in the U.S., except for small experimental amounts,
leptophos was manufactured here from 1989 until 1976,34'63 During that period, it was
exported to more than 50 countries, including Egypt, Canada, Colombia, Syria, Mexico,

Indonesia, and South Vietnam. 63 "6 5 It was used as both a soil and foliar insecticide
against a wide range of insects on cotton, vegetables, fruits, and maize.6 2 '8 6

In the open literature, the only reported detection of leptophos was in a brackish
pond in Indonesia. 6 7 Leptophos was deliberately applied to this pond in order to assess its

uptake by fish and persistence in the aquatic environment. The maximum concentration
detected was 13.47 pg/L, sampled immediately after application (see Appendix C,

Table C-42). Since leptophos has a water solubility of 2400 )A/L,29 it is reasonable to
believe that a concentration of 13.47 ;.g/L could have been obtained in the aquatic

environment.
Studies indicate that leptophos is a moderately persistent insecticide. One study

showed that after 4 mo, 40 to 100% of the original amount of leptophos remained

unchanged in Waters from the Nile River, irrigating canals, and in drainage waters. 6 8 The
principal photodegradation products have been identified as: desbromoleptophos, leptophos

oxon, o-methylphenylphosphonothioic acid, o-methylphenylphosphonic acid, 4-bromo-
2,5-chlorophenol, and 2,5-dichlorophenol.6 9 Leptophos is estimated to have a soil
persistence of approximately 2 to.70 In laboratory soil-column studies, leptophos

possessed little downward mobility. 70

Animal dose-response data for leptophos are presented in Table 18. Toxicity data

are included not only for the rat but also for the hen, since the hen is considered to be the
most sensitive experimental animal for studying delayed-neurotoxicity syndrome. 7 4 The
results indicate that the maximum concentration detected in world monitoring studies
(13.47 4g/L) is well below the toxic level for either rats or hens. However, reports have
shown that desbromoleptophos, a photodegradation product, appears to be 8 to 10 times
more active as a delayed neurotoxin in hens than leptophos itself. 7 5 Moreover, the
extensive use of leptophos in Egypt (about 8098 metric tons applied from 1966 to 1975) is
associated with the demyelinating effect and subsequent death in 1971 of more than 1200

water buffalo that drank leptophos-contarninated water. 6 5' 7 5

Private communications with Velsicol Chemical Corp., which discontinued

production of leptophos in 1976, indicated that leptophos is no longer manufactured

anyplace in the world. 76 In light of this information, leptophos is unlikely to be found in

present world water supplies and is considered unlikely to pose a health hazard to military

personnel from ingestion of drinking water.
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Table I8. Dose-response data for leptophos.

Equivalent expressions for dosea
Food Water

contaminant concentrationb Exposure
[mg/(ikday)] (jg/L) Response period Species Ref.

0.001 4.67 Acceptable Daily Lifetime Human 21,62
Intake (ADI)

1.5 7,000 Slight inhibition 12 wk in Rat 34
of red cell, diet
plasma, and brain
cholinesterase

4.4 20,500 No effect 12 wk in Rat 34
diet

24 to 91 110,000 to Acute oral LD50 Rat 71
420,000

50 230,=00 No effect Single dose Hen 72

5 to 10 23,000 to Ataxia 4 mo in diet Hen 72
47,000

180 840,000 Threshold ataxia Single dose Hen 73

4,700 22,000,000 Oral LD50 Hen 34

a Water concentration is calculated from the food-contaminant dose on the basis of
a 70-kg adult consuming 15 L/d of field water.

b Maximum water concentration reported: 13.47 pg/L (see Appendix C); solubility of
leptophos in water: 2400 pg/L.29

Lindane. The insecticide Undane is the gamma-isomer of 1,2,3,4,5,6-hexachloro-
cyclohexane (HCH). The term "benzene hexachloride" (BHC) is often used when referring
to HCH. Eight steric isomers of HCH have been isolated from the technical HCH mixture,
which also may contain small amounts of heptachlorocyclohexane and
octachlorocyclohexane. The composition of the technical mixture is somewhat variable.
Even though the gamma-isomer (lindane) is the insecticidally active form, the technical
HCH mixture is also sometimes applied as an insecticide. Findings of HCH in water

samples were reported as "total HCH" or as concentrations of the alpha-, beta-, and
gamma-isomers (see Appendix C). The alpha- and beta-isomers are environmental
transformation products of lindane, 29 but their presence in water could also result from
the application of technical HCH.

32



Volume 2, Pt. 2

Lindane is commonly used against a wide variety of pest problems, including insects

in cotton, rice, seeds, soil, and wood, us well as household insects. It is also used to
control vector-borne diseases such as malaria.28.34 Because of its multiple and

large-volume uses in many countries, Undane is likely to be encountered almost anywhere.
High levels of lindane in water may result from its direct application to water in mosquito

control or from its use on rice. 3 4 '45

Most of the lindane concentrations reported in the open literature are from samples

of surface water, primarily from rivers (see Appendix C, Table C-?). Levels of up to 1 to
2 pSg/L were occasionally detected, but most measurements were well below I pIg/L. In one

instance, however, a maximum lindane concentration of 7.1 pg/L was found in surface

water in West Berlin (see Table C-7, p. 88). Groundwater samples from Israel and Egypt

also contained only low levels of lindane, occasionally reaching concentrations of 1 to

2 jAg/L. The highest levels (1920 8Ag/L) were found in rice-paddy water following the

application of lindane (see Table C-7, p. 89) and in potable water tanks near rice paddies
(1200 pg/L). Water concentrations even higher than the highest described here are

possible since Ilndane Is soluble in water to the extent of about 7 to 12 mg/L. 9

Lindane cannot be expected to rapidly dissipate from water. For example, in the

rice paddy mentioned above, the lindane level had only diminished to 1050 1ig/L nine days

after Teimoory and Hosseiny-Shekarabi. 4 5 measured levels of 1920 pg/L. The processes of
hydrolysis, oxidation, and photolysis do not appear to degrade significant amounts of

lindane in the environment. Lindane is removed from water by volatilization and
adsorption to suspended solids, which eventually settle out of the water column.

Microorganisms in bottom sediments then transform and degrade the lindane

molecule.
2 9 ' 7 7

Almost all of the ]indane concentrations reported in the open literature are below

the levels that might have adverse toxicological effects. The Acceptable Daily Intake
(ADI) for lindane is 0.01 mg/kg (see Table 19).78 This daily dose corresponds to a

concentration of 47 pg/L (assuming that a 70-kg adult consumes 15 L of water per day).
The EPA interim standard for lindane is 4.0 )Ag/L.47 As mentioned above, reported

concentrations rarely exceed I to 2 pg/L. Technical HCH and lindane are carcinogenic in

mice. 3 5 Studies linking technical HCH and lindane to cancer in humans were considered

inconclusive by an [ARC review committee. 35

Based on the data in Table 19, the highest lindane concentrations reported in the

open literature could cause performance-degrading health effects. For example, ingestion

of 30 to 40 mg of lindane per day by a group of 15 humans produced adverse effects in six
individuals, including convulsions in two. 34 ' 80  A dose of 30 mg/day
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Table 10. Mammalian dose-response data for lindane.

Equivalent expressions for dosgea
Pood Water

contaminant concentrationb
(mg/(ksod)] (Pg/L) Response Species Ref.

0.01 47 Acceptable Daily Human 21,78
Intake (ADI)

0.43 to 2,000 to Minimum toxic dose; Human 34
0.57c 2,700 6 of 15 poisoned,

2 with convulsions

1.25 5,800 No toxic effect Rat 78

1.6 7,400 No toxic effect Dog 78

400d 1,900,000 Mean fatal dose Human 79

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 L/d of field water.

b Maximum water concentration reported: 1920 pg/L (see Appendix C); solubility of
lindane in water: 7.8 mg/L at 25°C.

C Reported as 30 to 40 mg/person.
d Reported as 28 g/adult.

administered to a 70-kg adult, is equivalent to a drinking-water concentration of
2000 pg/L being consumed at a rate of 15-L/day water. Concentrations approaching
2000 pg/L have been measured in water in agricultural areas, particularly rice paddies.

Lindane (and technical HCH) is one of the most heavily used insecticides outside of
the U.S. It is soluble in water at levels well above toxic levels, and high levels can persist
in water for periods of at least a week, if not longer. In addition, levels likely to produce
acute toxicity have been measured in agricultural waters. Levels in flowing rivers and
ground water are apparently much lower. Thus, it appears that lindane presents a
potential risk of performance degradation to military personnel as a result of foreign
water-supply contamination, particularly agricultural waters.

Malathion. Malathion is one of the most widely used organophosphate insecticides. It is a
broad-spectrum insecticide used on crops, in homes, and for mosquito control, especially
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in areas where the mosquitoes have developed resistance to DDT and BHC. Because of its
relatively low toxicity to mammals, malathion is also commonly used against animal

ectoparasites, including lice on humans. 2 8 ' 4 7'8 1

Malathion levels in foreign waters reported in the open literature are typically very

low; in 10 of 16 reports listed in Appendix C, it was not detected. With one exception, the

highest level found was an average value of 0.3 pg/L. The exception was a finding

of 1600 pg/L reported as an average value for a rural pond in India. 3 ' The report did not

include a description of the events leading to the high malathion level.

Levels of 1600 pg/L and higher are not unreasonable since the solubility of malathion

in water is 145,000 AIg/L. 8 2 The persistence of high levels is variable and will depend on

factors such as the pH, biological activity of the water, and other factors.83 Studies

examining the persistence of malathion in water reported findings such as a half-life of

less than 1 wk in a raw-water sample, almost complete degradation in 10 d, 75% reduction

in 1 wk, and complete reduction in 4 wk.4 7 '8 3 In another report, malathion sprayed on a

log pond was reported to be effective against mosquitoes for up to 6 wk. 4 7 The National

Academy of Sczence commented that malathion is generally degraded faster in water than

other organophosphate pesticides, but the production and persistence of metabolites is

largely uninvestigated.
4 7

The only toxic effects firmly attributable to malathion itself are nervous system

problems caused by the accumulation of acetylcholine.8 1 Some malathion formulations

proved to be unusually toxic, and this was attributed to contaminants (e.g.,

isomalathion).81 The available information on carcinogenicity does not provide evidence

that malathion is likely to present a carcinogenic risk to humans.84 Most reported levels

of malathion in water are well below those that are considered by WHO to be safe for
long-term exposures. However, a dose equivalent to one a 70-kg adult would receive by

consuming water containing the highest reported levels (1600 Pg/L) at a rate of 15 L/d did

produce a 25% reduction in plasma cholinesterase activity within 2 wk. The exposures to

this dose continued for 56 d and, while cholinesterase remained depressed, there were no

clinical effects observed or reported in the exposed individuals (see Table 20).85 Clinical

symptoms of acute organophosphate poisoning (i.e., blurred vision, headache, nausea,

vomiting) do not usually appear until cholinesterase levels are depressed to 50% or less of

baseline levels. 8 1 The highest levels of malathion reported in the literature probably

would cause biochemically detectable changes (i.e., depressed cholinesterase levels), but

probably would not cause performance degradation in troops. However, troops with

depressed cholinesterase levels would be more susceptible to other cholinesterase-

inhibiting pesticides or agents.
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Table 20. Dose-response data for malathion.

Equivalent expressions for dosea
"Food Water

contaminant concentrationb
[mg/(kg.day)] (aglL) Responsec Ref.

0.02 93 Acceptable Daily Intake (ADI) 21, 86

0.2 900 No adverse effect 86

0.23d 1,000 No significant effect in 47 d 85

0.34e 1,600 No-discernible-effects threshold 86
for 56-d exposure

71f 330,000 Minimum fatal dose 47

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 L/d of field water.

b Maximum water concentration reported: 1600 jpg/L (see Appendix C); solubility of
malathion in water: 145,000 jPg/L. 8 2

c Human dose-response unless otherwise indicated.

d Reported as 16 mg/person.

e Reported as 24 mg/person.
f Minimum fatal dose is estimated to be about 5 g.47

Even though malathion is one of the less toxic organophosphorus insecticides, it can

be dissolved in water to much higher concentrations than those likely to cause

performance-degrading health effects. Considering this and the large amounts of

malathion that are used around the world, it is surprising that there were not more reports

of high malathion concentrations in water, and that there were not more reports of human

poisoning from malathion in drinking water. The relatively short half-life of malathion in

water is probably at least partly responsible for this. High levels are unlikely to persist in

water for several weeks without continued entry of the pesticide into the water.

Phosphamidon. Phosphamidon is a systemic, broad-spectrum insecticide/acaricide.2 3' 2 8

Chemically, it is a mixture of approximately 30% alpha-isomer (trans-phosphamidon) and

70% beta-isomer (cis-phosphamidon); the latter form is more active biologically. 6 7

Phosphamidon is used extensively on about every crop grown in the world.23 It is

mainly used, against sucking insects in rice, thrips in cotton, and aphids in a wide variety of

crops.
2 3 ,2 8
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In the open literature, the maximum concentration reported for phosphamidon in

water was 110 )&g/L from rice fields in Iran. 45 This was an experimental study designed to

evaluate the degradation rate of phosphamidon, applied at 0.75 L/hectare. Immediately

after application, residues of 110 pig/L were detected. However, by the third day, the

residues had decreased to 50 jg/L and had completely disappeared by the tenth day. No

typical concentration level for phosphamidon could be determined because of the absence

of detection data in worldwide monitoring literature. Phosphamidon is completely

miscible with water.2 4

Phosphamidon finds its way into water supplies primarily by means of surface

runoff. 2 3 Its half-life in water is less than 2 wk.8 7 In soil its half-life ranges from 0 to

30 d.8 8 No soil metabolites have been reported.88

As can be seen in Table 21, the maximum detected concentration (110 jig/L) reported

in world monitoring studies does not approach toxic levels. Although phosphamidon is

reported to be a cholinesterase inhibitor,90 there are no reports in the literature of

cumulative toxic effects to humans by the oral route.
Based onthe relatively low concentration found in water immediately after

application of the pesticide on a rice paddy, its short persistence in water, and its low

toxicity, phosphamidon in drinking water does not appear to be a likely hazard to military

personnel. However, because phosphamidon is completely miscible with water, it would be

possible to find a toxic concentration after a spill, deliberate contamination, or some

other unusual event.

Toxaphene. Toxaphene is a complicated, chlorinated camphene mixture containing 67 to

69% chlorine. 2 9 The toxaphene mixture consists of at least 175 different compounds,

fewer than ten of which have been identified. 9 1 Among other names, it is also known as

camphechlor.
2 8

Toxaphene is manufactured and used in many parts of the world (see earlier

discussion of pesticide use). In many countries where it is used, toxaphene is used in very

large quantities, often exceeding those of any other pesticide (see Tables 5 and 7). For

many years, toxaphene was the pesticide applied in greatest quantity in the U.S. as

well. 9 2 It is used against insects on many crops and herd animals and is used extensively

on cotton. 2 8 ' 3 4 It is also occasionally used as a rodenticide. 9 3

Despite its heavy use around the world, there are very few reports of toxaphene

measurements in water samples. This is, in part, attributable to the difficulty of

detecting and quantifying something as complex as toxaphene. Because toxaphene is used

in such large volumes, we supplemented the monitoring data with reports from the U.S.
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Table 21. Dose-response data foT phosphomidon.

Equivalent expressions for dosea

Food Water
contaminant concenirationb Exposuie
[mg/(kg-day)] (pig/L) Response period Species Ref.

0.001 4.67 Acceptable Daily Lifetime Human 21,61

Intake (ADI)

1.25 5,800 No effect 2 y in diet Rat 24

2.5 11,700 No effect 90 d Rat 89

17 to 30 79,000 to Acute, oral -- Rat 89
140,000 LDS0

60 to 120 280,000 to No clinical Single dose Child 34
560,000 effect

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 L/d of field water.

b Maximum water concentration reported: 110 jag/L (see Appendix C); solubility of
phosphamidon in water: completely miscible with water.2 4

The highest level reported, 20.9 pg/L, was found in runoff from a toxaphene-treated

cotton field. 3 9 A maximum level of 13.7 p.g/L was found in a lake that had been treated

with toxaphene to get rid of unwanted fish species. 9 4 Toxaphene could not be detected in

samples taken from several different locations in Africa, nor in a sample of potable water

in rural Australia (see Appendix C).

The solubility of toxaphene in water is about 500 to 3000 Pg/L 2 9 ; thus, levels higher

than those in the monitoring data in the open literature are possible. Toxaphene is

considered to be moderately persistent. The primary way that toxaphene is removed from

water appears to be by sorption onto particles that settle to the bottom, followed by

anaerobic degradation in the bottom sediments. 2 9 Volatilization may also contribute to

the disappearance of toxaphene from water in some situations. 2 9 Thus, toxaphene may

only persist in water for a few days, or it could persist for many months.9 2

The ADI for toxaphene is based on a dose to rats that caused no adverse effects. In

extrapolating the results from the rat study to a human ADI, a 1000-fold safety factor was

applied. 4 1 As can be seen in Table 22, the dose corresponds to a concentration in water of

5.8 pg/L when 15 L/day of such water is consumed by a 70-kg adult. The EPA
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Table 22. Dose-response data for toxaphene.

Equivalent expressions for dosea

Food Water
contaminant concentrationb Exposure
(mg/(kg.day)] (p~g/L) Response period Species Ref.

0.00125 5.8 Acceptable Daily Lifetime Human 41

Intake (ADI)c

0.6 to 0.8 2,800 to 3,740 No adverse effect 2 y Monkey 41

0.6 to 1.5 2,800 to 7,000 No adverse effect 2 y Dog 41

1 4,600 No adverse effect 13 dd Human 34

3.5 to 10 16,000 to Fatal -- Human 92
44,000

4 18,000 Intermittent illness 44 to 106 d Dog 34

a Water concentration is calculated from the food-contaminant dose on the basis
of a 70-kg adult consuming 15 L/d of field water.

b Maximum water concentration reported: 20 jpg/L (see Appendix C); solubili~y of
toxaphene in water: 500 to 3000 iAg/L. 2 90

c Extrapolated from a no-observed-effects dose to rats by using a 1000-fold safety
factor.
d Experimental aerosol exposure equivalent to a dosage of about 1 mg/(kgod) administered

for 10 consecutive days, followed by 3 wk of no exposure, and then administered again for
3 more days.

established an interim drinking-water standard of 5 pg/L.47 Solubility considerations and

the monitoring data suggest that these levels will be exceeded in water near sites of

toxaphene usage, but it appears that levels much higher than these are required for

performance degradation, particularly if exposures are limited to one yeer.

There are few reports of acute or fatal poisonings in humans from toxaphene.3 4 ' 4 7

One study listed in Table 22 revealed no adverse effects in humans exposed by aerosol dose

equivalent to about 1 mg/(kgod) for 13 d total (exposure for 10 consecutive days, followed

by 3 wk without exposure, then 3 d of exposure). The same dose would be delivered to

70-kg military personnel consuming 15 L of water per day, containing about 4600 jpg/L of

toxaphene. Long-term animal studies disclosed no adverse effects at doses that

correspond to water concentrations above 2800 pg/L for 70-kg troops consuming up to

15 L/d of water. Frank toxicity in dogs occurred at a dose corresponding to about
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18,000 p.g/L. Human fatal doses are roughly estimated to be in the range of 3.6 to

9.5 mg/kg of body weight, corresponding to water concentrations above 16,000 pg/L for

70-kg troops consuming up to 15 L/d of water. The no-advemse-effect doses and the

frankly toxic doses are at or above the solubility of toxaphene in water end are well above

toxaphene concentrations reported in the open literature. The IARC concludad that there

is sufficient evidence that toxaphene is carcinogenic in inice and rats and recommends

that it is reasonable to treat toxaphene as if it presented a carcinogenic risk to humans. 3 5

The monitoring data show that toxaphene concentrations occasionally exceed those

that would be safe for a lifetime exposure (5.8 pg/L). However, levels of toxaphene in

water that would cause performance degradation or irreversible health effects in troops

appear to be unlikely.

DISCUSSION AND CONCLUSIONS

The monitoring data and accompanying information concerning concentrations of

pesticides in foreign water supplies provides insight into the situations likely to result in

high contamination levels. Combined with details about pesticide sales, environmental

persistence, ad other pertinent information, important characteristics of the potential

for troop exposure to pesticides in field water can be inferred. Then, evaluations of the

toxic doses and effects of pesticides will indicate which pesticides are most likely to

degrade troop performance as a consequence of such exposure. The basic conclusion

drawn from the availeble data is that while pesticide contamination is widespread, it is

only rarely severe enough to threaten troops' health. The challenge to military health

officers is to detect and avoid the apparently rare cases of extremely contaminated water.

Although many different pesticides were found in large bodies of water such as

rivers, streams, lakes, aquifers, and oceans, the levels of the pesticides measured in these

waters typically were below both the ADI- and LD50-based screening concentrations,

except for leptophos (see Tables 23 and 24). However, )eptophos has not been

manufactured since 1976, and the one reported detection level was immediately after its

application; hence, its typical concentration is likely to be below the screening level.

Therefore, ingestion of typical pesticide concentrations in water by military personnel for

periods lasting up to 7 d or up to 1 y should not degrade performance or, it would appear,

produce any other acute or subchronic health effects. Some of the pesticides may,

however, cause effects that have nonthreshold mechanisms (e.g., cancers), and exposure to

these pesticides at even low levels would entail some incremental risk. Nevertheless,
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on the basis of our assessment of the typical concentrations for pesticides in water and

their toxicity following ingestion, we conclude that treatment of foreign water supplies

specifically to remove pesticides need not be performed routinely.

Thus the greatest threat to troop health from pesticides in water results from the

infrequent, transient occurrence of extreme contanination. The fact that such

contamination exists is documented in our earlier discussions of health incidents from

pesticide-contaminated water (Table 11) and in the collected monitoring data

(Appendix C). Acute intoxications from pesticides in drinking water produced effects such

as nausea, vomiting, headache, weakness, and blurred vision (see previous discussion of

pesticide-contamination incidents). Two fatalities were reported (Table 11).

The chances of suffering these effects can be reduced by avoiding potential sources

of drinkig water that may be associated with extreme pesticide contamination. For

example, some of the highest pesticide levels reported in the monitoring data (Appendix C)
were found in small bodies of water in agricultural areas. These waters have high

potential for contamination and little potential for dilution. In fact, pesticide leachate

and runoff in wells near agricultural activities caused some of the poisoning incidents

described in Table 11. There are other situations that could potentially result in extreme

pesticide contamination of water, such as the direct application of pesticides to water to
control malaria-bearing mosquitoes, schistosome-bearing snails, or aquatic weeds. There

are also unconfirmed reports from Africa and South America of people adding pesticides

to rivers and lakes to stun or kill fish, which then float to the top and are collected for

consumption. Consequently, field personnel looking for water supplies should be wary of

using small bodies of water in agricultural areas, and they should be alert to the possibility

of extreme contamination levels when they are in areas with water that may require

direct application of pesticides.

However, it may not always be possible to avoid using small agricultural ponds or

ditches. Usually it will not be obvious that water has recently been sprayed for pest

control or that a well has been badly contaminated. Thus, in order to prevent the use of

water with extreme pesticide content, field methods for detecting gross pesticide

contamination are needed. However, developing suitable detection methods is very

difficult because there are so many different pesticides that are used around the world and

can be found in water (see Table 12 and Appendix C).
The organophosphates are a candidate class of pesticide for field detection because

of their acute toxicity and widespread use, estimated to be 60% of pesticide use outside of

the U.S. and Western Europe by 1990.9 Field methods may already exist for detecting
total organophosphates in water. 9 5 The organochlorines are also widely used, particularly

in the developing countries. For example, BHC and DDT are estimated to constitute 50%
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of the pesticides used in India.N The organochlorines do not lend themelves to field
detection. Their detection requires equipment (e.g., gas chromatographs) that is not
normally available in the field. However, imrnunoassay techniques may be the bais for
future development of field methods for individual organochlorine pesticides.

If the military undertakes research to develop organochlorine-pesticide detection
capabllties, lindane appears to be the best pesticide for initial consideration. Uindane is
ued in large quantities in practically all parts of the world, and it is soluble in water at
levels well above acutely toxic concentrations. Of all the pesticides, Undane has the
greatest likelihood of being present at toxic levels and consequently appears to pose the
greatest threat to troop health. The other organochlorine pI iticides used in very large
amounts, DDT and toxaphene, appear to present less significant risks.

An important issue related to the detection of high pesticide contamination is the
extent to which taste and odor can be relied upon to protect against the use of dangerously
contaminated waters. Two separate incidents involving the contamination of public-water
supplies, with resulting illness, suggest that odnr cannot be used as a reliable warning, at
least not for allpesticides. In one case, local health officials received complaints that the

water tasted like gasoline or kerosene.16 In the other case, one resident complained that
the tap water was milky white and smelled like insecticide spray.1 5 The water
contaminant in both of these incidents was chlordane, which has a reported odor threshold
of 0.5 to 2.5 pg/L (see Appendix B). The chlordane concentrations that caused these

poisonings were up to 6600 pg/L in one case16 and up to 1.2 x 106 jig/L in the other.1 5 In
both incidents, however, the pesticide concentrations were above organoleptic detection
thresholds and were high enough to give the water an objectionable taste. Nevertheiess,
at least some people still drank enough of the pesticide-containing water to suffer a toxic
reaction. The foul taste brought the situations to the attention of public health officials
and no doubt served to limit the extent of exposure; however, the fact remains that some
people still chose to drink the water and were poisoned. This demonstrates that taste and
odor cannot be relied upon to protect the individual soldier against all dangerously high
pesticide contaminations.
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RECOMMENDATIONS FOR FURTHER RESEARCH

1. Protection against the use of water highly contaminated by pesticides requires
the ability to detect contamination. Because there are so many individual pesticides that
could be present, techniques for detecting classes or groups of pesticides would be of
greatest practicality in determining that a water source is safe to drink.

2. Some pesticides are used widely enough and are toxic enough to warrant the
development of field-detection techniques for individual pesticides. Lindane is the most
notable among these, but the development of tests for some of the other pesticides likely
to be present at high concentrations should also be considered. The new immunoassay
techniques appear to be promising for this purpose.

3. There may be situations in which the only available water is highly contaminated
by pesticides. The treatability of pesticides most likely to be contaminating the water
should be evaluated. Lindane is the most notable among these, but the organophosphates
(e.g., malathion and parathion) should also be considered for study.
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APPENDIX A

PESTICIDE USE--INFORMATION SOURCES

The literature of pesticide usage statistics is voluminous. At present, there is no

single guide to this subject on a worldwide basis. In the following sections, the

characteristics of available pesticide data sources and their use in this project will be

discussed. These data sources and information gathered from various journal articles have

provided a basis for the selection of pesticides to be further examined and screened.

I. International

A. FAO Production Yearbook. 1 This compilation is the most complete annual

record of world agricultural statistics. It is compiled from national reports. Pesticide

data generally refer to pesticides used in, or sold to agriculture by country. They are

shown in term3 of active ingredients, except for some countries where data refer to

formulation weights. Unfortunately, only a few major organochlorines (DDT, BHC, HCB,

lindane, aldrin, and toxaphene) and some organophosphorus compounds (parathion and

malathion) Lre identified individually. All other pesticides are listed by group such as

pyrethrum, botanical insecticides, arsenicals, carbamate insecticides, etc. This

compilation, has been very useful in identifying pesticide usage in foreign countries.

B. Summary of Replies to the Questionnaire on Good Agricultural Practice in

the Use of Pesticides in the Production of Some Important Selected Foods. 2 This

document was prepared for the Joint FAO/WHO Food Standards Program, Codex

Alimentarius Commission by the Canadian Delegation to the Codex Committee on

Pesticide Residues. It provides statistical tabulations on (1) crop-pesticide-country,

(2) country-crop, (3) pesticide-crop, and (4) pesticide-country. There were 34 countries

cooperating in this survey. However, not all of the major crops were included.

C. Farm Chemicals. This monthly trade journal periodically publishes an

exclusive report on U.S. and world markets by crop, type of pesticide, and area of the

world. Its statistics and forecasts are based on confidential surveys of leading

international marketers. The last report, "A Look At World Pesticide Markets," was

issued in 1981.3 In this report, the five largest single-crop markets worldwide in 1980

were identified as corn, rice, cotton, soybeans, and wheat. Further, it projected that by
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1985 worldwide sales would top $14.5 billion and that U.S. sales would exceed $4.4 billion

at the user's level. Big increases were also projected for Brazil, the People's Republic of
China, Mexico, and Japan.

D. GIFAP Bulletin. 4 This is the official publication of the International Group

of National Associations of Agrochemical Manufacturers. Issued monthly in Brussels,

Belgium, it covers all aspects of agricultural chemicals. Information on production,
supply, marketing, and use of pesticides in various member countries is provided
periodically by types of pesticides. Specific crop-pesticide information is provided
periodically. It is a good source for data on marketing and supply of pesticides on an

international basis.

E. Future World Market Demands for Pesticides and Their Specific Roles in

Crop Protection.5 This is perhaps the only publication that provides data on pesticide
usage by geographical regions of the world. Although the report was published in 1975, it
does contain a 'cpmprehensive review of the status of the world market for pesticides at
that time. It also gives some tentative estimates of the likely demand for each of ihe
main classes of pesticides up to 1990, arranged by chemical types, selected countries, and

some major crops.

II. United States

A. U.S. Department of Agriculture Publications

1. The Pesticide Review. 6 This is an annual statistical compilation of

pesticide use, production, and trade in the U.S., issued by the Department's Stabilization
and Conservation Service since 1952. This publication is probably the most widely used
and quoted source of data on pesticides, their production, and use in the United States.
Until 1978 it was usually published about 18 months after the end of the most recent years
for which data were included. Unfortunately, the 1978 report was the last one issued.

2. Farmer's Use of Pesticides. This is a periodic farm survey on the use

of pesticides on different crops and classes of livestock in different areas. These data
were to provide a basis for estimating the costs and benefits of pesticides and to serve as

a measure of change in pesticide use. To date, five separate surveys have been published:
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1964, 1966, 1971, 1976, and 1982.' Major uses are Wlted by types of pestici]ieu and by

crops. These surveys are the most coniprehensive availahle on pasticide use iu this

country. Unfortunately, the 1982 survey excluded California and twelve other states in its

estimates.

3. Farm Pesticide Supply-Demand Trends. 8  This report is prcWpired

annually to show the pesticide situation and outlook information. Supply data are based on

a survey of pesticide manufacturers and on discussions with distributors, while demands

are based on January farmer planting intentions and on available data on use rate. One of

the most helpful tables lists herbicide, insecticide, and fungicide usage by crop for the

U.S. and the rest of the world in 1980. This provides important information on the relative

amount of pesticides used on various crops in the U.S. and the rest of the world. These

reports have been issued annually since 1975.

B. U.S. International Trade Commission.

1. Synthetic Organic Chemicals--United States Production and Sales.9

This annual report covers most synthetic organic chemicals. It does not include inorganic

pesticides nor all organic pesticides. Data are reported by producers for only those times

where the volume of production or sales exceeds 1000 pounds or the value of sales exceeds

$1000. One chapter is devoted to pesticides sales and production by dollar volume and

pounds. Very few of the major pesticides are accounted for individually, and most of them

are lumped together into large, general categories.

C. U.S. Environmental Protection Agency.

1. The most recent publication issued by EPA, Pesticide Industry Sales

and Usage. 1982 Market Estimates10 provides user expenditures for pesticides, and the

volume of active ingredients for U.S. pesticides used by class and sector for 1982.

D. Others

1. The Kline Guide to the Chemical Industry.1 1 This guide, revised

periodically, provides information on U.S. production, sales, and prices of selected basic

toxicants from 1970 to 1979. The pesticide section is limited to synthetic organic

toxicants and formulated pesticides.
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APPENDIX B

ORGANOLEPTIC THRESHOLD CONCENTRATIONS IN WATER

FOR SEVERAL PESTICIDES

This appendix presents the threshold concentrations in water for the detection of

organoleptic (e.g., taste and odor) properties of several pesticides (Table B-1).

Odor-detection data thresholds are given for all pesticides listed. In addition, a taste

threshold is reported for 2,4-D.

6
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Table B-1. Organoleptic threshold concentrations in water for several pesticides.

Pesticide Threshold concentrationa Ref.

Aldrin 0.017 ppm min. odor 1

Aluminum phosphide 0.00020 mg/L min. odorb 2

Chlordane 0.0005 ppm min. odorc 1
0.0025 ppm mrin. odord 1

Chlorpyrifos 0.0008 mg/L min. odor 3
0.0016 mg/L max. odor
0.0012 mg/L mean odor

DDT 0.35 ppmr min. odor 1

Dieldrin 0.041 ppm min. odor 1

Dinoseb 0.032 mg/L min. odore 3
0.08 mg/L max. odor
0.056 mg/L mean odor

Endrin 0.018 ppmr min. odor 1

Heptachlor 0.02 ppm min. odor 1

Lindane 12.0 ppmr min. odor 1
0.00125 ppm min. odorf

Malathion 1.0 ppm min. odor 1

Methoxychlor 4.7 ppm min. odor 1

Azinphosmethyl (guthion) 0.0002 ppm mrin. odor 1

Dimethyl parathion 0.0123 ppm mrin. odor 1

Oxydemeton 0.01 mg/L min. odor 4

Parathion 0.04 ppm min. odor 1

64



Volume 2, Pt. 2

Table B-1. (Continued)

Pesticide Threshold concentrationa Ref.

Toxaphene 0.14 ppm mrin. odor 1
0.0052 mg/L min. odors 5

Tricblorfon 0.01 mg/L min. odor 4

2,4-D 3.13 ppm mrin. odor 1
0.01 mg/L min. tastes 6

2,4,5-T 2.92 ppm mrin. odor 1

a At 60*C in water unless otherwise indicated.

b Aluminum phosphide reacts with water to release phosphine gas, hydrogen phosphide.
This value is for phosphine in water.

c At 60"C in water; 5% granular.

d At 600C in water; 40% wettable powder.

e At 600C in water; butterscotch odor.

At 600C in water; 11.7% gamma-isomer, and 13.6% other isomers.

g In water; no temperature given.
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APPENDIX C

MONITORING DATA FOR PESTICIDE LEVELS IN WATER

This appendix contains the water-quality monitoring data for the pesticides

discussed in this report. The concentration data are for waters outside of the U.S.
However, we have included some data for U.S. waters. In Tables C-1 through C-41, if

only an average value was given, the maximum column shows zero.
The pesticides in this appendix are arranged alphabetically, except for those

pesticides reported only once in the literature, which are listed together in the final table
(Table C-42). An alphabetical list of the pesticides, giving the corresponding table number

and Chemical Abstracts Service (CAS) registry number, is presented below. The
underlined pesticides were subjected to secondary screening.

CAS CAS
Table rcgistry Table registry

Compound No. No. Compound No. No.

Aldrin C-1 [309-00-2] Dieldrin C-20 [60-57-1]
Bayluscide C-2 [140-04-81 Dimethoate C-21 [60-51-51
Benthiocarb C-3 [28249-77-6] Endosulfan C-22 [115-29-7]
BHC C-4 [608-73-1] alpha- C-23 (969-98-8]

"--lpha- C-5 [319-84-6] beta-, C-24 [33213-65-9]
beta- C-6 [319-85-7] Endrin C-25 [72-20-8]
gamma- (lindane) C-7 [58-89-9] EPN C-26 [2104-64-5]

Captafol C-42 [2425-06-1 Fluometuron C-27 [2164-17-2]
Captan C-8 [133-06-1] Fluridone C-28 [59756-60-4]
Carbaryl C-9 [63-25-2] Heptachlor C-29 [76-44-9]
Chlordane C-10 [57-74-9] epoxide C-30 (1024-67-3]

cis- C-11 [5103-71-9] Hexachlorobenzene C-31 [118-74-11
trans- C-12 [5103-74-2] Leptophos C-42 [21609-90-5]

Chlorobenzilate C-42 [51.0-15-6] Malathion C-32 [121-75-51
CNP C-13 [1836-77-7] Methoxychlor C-33 [72-43-5]
2,4-D C-14 [94-75-7] Mevinphos C-34 [7786-34-7]
DDD, o,p'- C-42 [53-19-0] Monocrotophos C-42 [6923-22-4]
DDD, p,p - C-15 [72-54-8] Oxadiazon C-35 [19666-30-91
DDE, o,p'- C-42 [3424-82-6] Parathion C-36 [5A -38-2]
DDE, p,p'- C-16 [72-55-91 Parathion, dirnethyl C-37 (298-00-0]
DDMU C-42 [1022-22-6] PCP-Na C-42 [608-93-5]
DDT, o,p'- C-17 [789-02-6] Phosphamidon C-38 [13171-21-6]
DDT, p,p'- C-18 [50-29-3] Toxaphene C-39 [8001-35-21
Diazinon C-19 [333-41-51 Trifluralin C-40 [1C,2-09-8]
Dichlorvos C-42 [62-73-71 Trithion C-41 [786-19-61

67



Volume 2, Pt. 2

WUF w' w' U' w' Is . S' U. w. v' w %

W x-loo- -!l. C!

at

W 4A

.M cca

z ~ ~ ~ ~ e wcceco~co~

ix 191111111 1.19LC6IIII
I$A

30-0 30--0-
z rI

cc

* ~ 0.JW DWI 1111 WWW 1Sacn~a.O.8



Vclume 1, Pt. 2

IM A w - at a Ch C 4. M1 £ 4. cn x ~~ o

IV 4

jd~L

IIE

. . .. . . 9 9 69 9 0 9 9 * * J * .



Volume 2, Pt. 2

C" a

U* w**W*4 4-0

101
0~. oo*,,8 oc

wi IA

*1 6

3.

40 I

..

Act WC IL z64 I

IL

U I-.

X~~ 1= a 9 F F

.. .u .8

14~ ' 'CL '.. 0.

cVA U w* c A

70I



Volume 2, Pt. 2

Ut

I s

3.A

00 _

11 'A-
6

b

4'c

.600
oo

1I.

.. 2 31

40 c

0 ..

v " I I LI t

•~ 0, U ai j,•,

0 4A

41 iu

03

71



Volume 2, Pt. 2

'W1

p.. ~° °..%,9% 9. p".11111113

iMO

i- iI

#A~

#AP

800000 00

'aa

U, '.W I F

oa

- a- - a - U - -

U , S

3w2

.01 INd."L0 C., 's
3F9 a SM#so

Y) 3

~mm S 72



Volume 2, Pt. 2

"i" IIIii=iiiiI=ii iiiti

V La

73



Volume 2, Pt. 2

:IIa

U~ ~ ~ ~, i ,,9 iiii I I I. I 1ilI

-ac O

. .. i . . 0 I. 0 l 4. l,

L.4 W W WW.e-4 4 # 0 0 * 0 j

0 w w w I!!I !!! !! !!!

Icc a

as- - - -

001

'Acdc° n
0 'c

-I c 0- ! 4

I " •. -,i .I..-a

OW r- - -2 -1 .-

OU ^I MW I -W -

74



Volume 2, Pt. 2

i
U'I IliiII!!IIIIII!IIiIIIIIIIIIli

di

I

9 '9

S" i~~aooloooei
M Z IdI s s 8 8 IV 8 iuuui 8 87*~~~h le 8 Id s tOO OO CC OC CO

Wb w jwwLiwWWU . % wWwt

ig s9 W W W ih y*WWw WWi w aw ywAMh biD hi M y wy wMh MA MA

* ~i '319H~88X 8888888888
I Ii H -f

=7



Volume 2, Pt. 2

#A,

F- 3

U 0 40

3d -

ac w

06 C6

-0 ~ U

0 C0

4M

U- C

U .. 76



Volume 2, Pt. 2

* •oeeococc@@Qooaoooo ooo

1.69

4A

U

aB-

x=

II-

eOg

o 2

34 -j

;: INN

77



Volume 2, Pt. 2

VI

40

vi
UU U UUUU U U

tC1

C~COCOJOOCC@COCDOO 0000000o

30a * 0 w :. 30 31. 31. 3 1.3 w w U..a.I w== 21 .. 0a 3,,,

SId•. I *t 1 I I~ I, I.• I,6 I6 I,* 0d, I~ I6. t I I, I• I- Id Ia I I I I

I. at t!I.a

0'. .fl,. c- 9 - W 30 3p Ix = , ,-- .- - - - .-

G7B

fa M w =

W xU aw- IhJ- -

re ~ 0 3M. 3P I-

UiU

& ft. C6.S a. 0 .. AO.a. A. a.G.a.O A. A. b. a

WWW WujW~WWWW WwwwwwW~W WWW

78



Volume 2, Pt. 2

cyccu4 oca;G 10 cw tyIff ewrJN cyst%

6a 8

It

biar w0

Mc -g -o - - --

M i

79



Volume 2, Pt. 2

.0 -1 -j a -, iý- I--!

ac A

000O40 3-v a 9-:9 8 880

0- -l

= U,

I WAw w.9
=4 . M.~ W SoV~ 888O;-3 -g2

Ui 99

- J U U
Wa Ac z

-1



Volume 2, Pt. 2

L;v0 V'0@ '' V0 v' 90~ w U w 4J U

3w 00 0 0 1111 118,0 00 0 0

000000 01001 0 0 00 0 0 0

*,

ccI
If

UZ

.4 A

ag 0941

tel V,99 9A 
-

w9w

M I 9

80 &



Volumm 2, Pt. 2

0a

a i
eg I= CL

eacaaaaaa~~ 4~'~ 14a4

b~4 4 4

16- 0 *@ . .
C C0

%0Nq' M~ Nv

a -Z

oaif

16

W.-
'4 S. X' a

be- Nj a- 0

a AJ L6 i GD.- A

A,5 4

4.J3 2

Ui30

82.~~



Volume 2, Pt. 2

"4,e

U

6d-

vii

0~09

~~UU
- -- -- - - 808

S.; =83



Volume 2, Pt. 2

M SMS S

3b

00000000 00 0o.0 c c ocoo

000! !~

Ik WUJhSMi W. W a V 2 WW

CD

- cW M - .

-C viu
- * M b; U-

4 .4 f a W

U. I-~- I- $- b.. - 0
C; C; V V, M ! SMa

UUj W Uj 0..SS.
ig *1- g . V9 c * .ag S

0484



Volume 2, Pt. 2

W9.W

vi

ow -W

IA 0 d .f

A 0 i'n

Za 00 0

.1. Ire-~

xIA

Ilk

U W,

85



Volume 2, Pt. 2

.j0

695 C;00

IA
UwGU

ac I

U5 W W U W. w w w 0

C-,9

IMII I S

10

to m0 -z
I uoW

~ZL.L
-c - -0":SMS MSMS MS

86



Volume 2, Pt. 2

* ~ ~ y

~i~ jti -j -j

w1 W~ LU W UdWWl

Uo

- en.- - - en

W

he w a . W A.

;~w 3

_~g 11o
3I tS N S

w~ I & A. L% .6 C. a. !) IL * *L
~~W LU w N w

87



Volume 2, Pt. 2

go~f ~ 0 0 0 p r .

CYt vNNC = Yr 0nW w0 *0

% - % P . .A. f.f. F % P
"0p - p aP O 4 a"I4

IjEl

Owli
00000O=0z0=o=- =o=o=ocooooo

4. 1A

Vo 1

Z- -9-- 9 z 80 CZl 9z C; Z u; Z ZZ Z 'i 8c C; c

c'I - 0

C;C;Cý01010 CCo o ýýZ C 8 00 00 0

V~~.l U -

C9a-ua 0 qj wwc c s 1

--- ~cc

UJ

LS w

%0 .5 1 ai c o
* a bi .u --

w5 z- I It 9
w at=

Lai W~ w -
3b a 

C9~Lt CK;

". gB = 5 v

31 -1

09~~ 1i i u
C;ca 0. 00, 0'00 C; 00 . C;0 .imc %a

Li 0 5 CO *O 45L J4J

88



Volume 2, Pt. 2

IV

-9 9 1. .9.

49N w I.- at

= iRC

vi-

tA &

6- U =

190 a

89 U



Volumie 2. Pt. 2

-j~~ ~ ~ ~ -i -j -j -i- ij i a o

%.a vwvV "0

0 ca CC 8c 88 4 c c c c ,;8

00500000 00 00000000080 0

cc 40 45 -O CA In WS C0 P (a A. a w -4

09

Uww

0c;MS

4 0 M,

ef at

900



Volume 2, Pt. 2

IN~ it- A4W

#A .~z =-

000 000000 000 @ C 0000000 CC

In
p.j

O0W OW T V�aI~I MWJJW WI

uJ~w~iw SQ 19~

000 0-. W-CZ

I I .... Iý15-

wo U U

.991



Volume 2, Pt. 2

IAcc~ M£ "9 M ~ MZ ~ .

- - - - - - - - a - - - - - - - - a a - - - - - - a

& AU

IM X-- 9! E-fF - F---- -- L9 -! IM X - -E -a

= 92



Volume 2, Pt. 2

S~

a Vola a

0 0
61'U . .

-Z. 4 0 ~. 0 cm

PA &A LA

a~ #A

60 S4' 0 ~ I .

*c c

LW W a

60 d

04

3493



Volume 2, Pt. 2

,..

3D

U 0

Ni- a..
•U U. S.. •

VS L

W

di

0 -

I-

ofD
toi

1. fu .. an

cc C

5,'.1 v

.- ~94



Volume 2, Pt. 2

" x . C

.- %.

'A~ Wj4

4'0

A

coto

0-0i~vi

a 0CO W.
Q*4

uILIc

at.

.C IA c

aiac
A 209-

95



Volume 2, Pt. 2

600

421

oRo

4' 'A U Ij

-i* S a

,O a

.0.

cc UU

w~Y

li9i



Volume 2, Pt. 2

IA U AWW.0 W .0 U AU W .0 OU A U .0 W

dc - - - 0 0 0 0 0 0 0- 0 a

94-

* I

I.0

to
(V

o i

9.4

CI

97



Volume 2, Pt. 2

0 00

I . !. . .

4'.

*00

44"as

"a L:, .PJ

g t" I° .• :

:, I

000 00

PCIi 4'uIw

PA000

0.0 0 IJ * ,, 1. . -

C8

ý SCa cz

I~i!i
3 U

48~. 44

b U 3 0 a
-~ .0 *A~

98



Volume 2, Pt. 2

I 0 U0 U U A A0 w 0 U A u .0 U ¢.

II IIIIIIIIIIjIjIIIj

999

C4 l

cc w w

0C" C"00c C C

'.499



Volume 2, Pt. 2

40

U4

a.00 '.- "'6

'4c

16

3c W.

no, S.a IN

IL

CL 6

16 4aIB t 14.

a.--1w ~ 30 GA

U U

-C -C ce

£ CL
4,1 a cr

IOcI4 I

a. a. a a.100



Volume 2, Pt. 2

lap. 
t

31
102' 10

fA

0E

CL~ i
09 ccED a CatC cm

c ccS

CC3 43 A
M-j

= Ag

wD 31

RD UU R2 -*

101b



Volume 2, Pt. 2

I IA

#A V
41 iA a a A &

VD W

c c

000~. *ie~

010



Volume 2, Pt. 2

cc 111 11111t
4A

@0 P
A... .A A A- P- 0- F-J 0- rf -" -u -

it t V za i31

ca(0aa

Lo1W99
Cie =~

at 9K ij

-o a 0

09 MLai 41N

4. g. *0%**-,

cc
V .

ccL iL iL iL nL i iIJW U~I ,L , UL

-"aj

MWUW6WIJMUWU, i.UL.h6.IiU i6& 46.

10319



Volume 2, Pt. 2

a- 3. 3 a- a- 0 4A

-XI

IxLa0La** II~IL*
. . . . .

00000 00000 0000 00000 0000

'UJ

"0~~~ 9 -9' ii 9-

CC

U. ~~ I&M wU

- -- -- -- - - -- 104 -



Volume 2, Pt. 2

IA
'00 %e - o I C

GA

ac .cc*. ** * 9z cc at AD 4A' A j a . w w .5

~~~~~~~~~U W U. PA.0 0 w o n a .0.t .J.

aa

UiI hd ~CtJ Jen~ N -

-ja -j 1 lji Id. 2-: 3. cA i i d

105



Volume 2, Pt. 2

1ii mI o%% o % a EJ'8 W ~ ~~%O %0 '8% o*0 t Dq

2 c

qr coc cc cooccococ cccocao

0 cacac oa c01;;C

Cv w

au 0

.4 -e -u -C -C -C -

106



"Volume 2, Pt. 2

*D *w- 0. WI.ýw a -DD

A 244 G4I ia 12

C.0C rC 
L LW 6O

ODi

cc. , ;o 1.11 a coo 1 coo.a co

1A a a a a a a a

bi U@U U UU U

.~ ~~~~i .q . . 8

wi00 00 0 00 0 0 0.0

4o .ý

uiII dcq .1 1cd91 6

X F

p 0 5 5 5 5 5 5 5 5107



Volume 2, Pt. 2

IA

304. .44

-J tA

a C

z 00

.. '
c 3

6A too,~ 1

-w U

* 4.0
* a cd

Ac ct -CX wOD

'a' C00 WL

108



Volume 2, Pt. 2

-~g j .. A-A -21 1~ C. . -j -j

9-g 51 ciiiii i c a l

*0

1L.C 0.006. 0. 136 0. 0.~0(c

I~~~~~I~1 I - - -.- --- - - 30 -- --

*t w

910



Volume 2, Pt. 2

I IM ix• ixww w

bi

@@OCOOccoc@ Coo 0044.000,04040,04

0WOooooOOOOooooooooooooo~o

I 2 i -. - -- -' -•N NN .-- N -

3 -- , -- N - di .- U% .- d d. - • LA - dr - - -,, •,- -. -d It- L,- --

n a cc-

=~-ww

Ic 09 "A
ac0 ~. ~ J ItJ W M 9 aIf , .

10 W"I W10 1011110



Volume 2, Pt. 2

S!WW !! a.o I- ---- s- --t

f SD 0 0 ¢ 0 0 0 0

3 cc

te- .SDi • - i~

a•a

09 55 v
UU

IS C
ag 09 c

ag~A X;i

wi La W 4A Z,=Sa a

L6 W. U. Uh. t" 3d -g w '~



Volume 2, Pt. 2

wo POO•;

I

-0! -0"If lei -1+ 1 p --89 -- -+ H
* . . . . .S 5 0 6 . . . .

00 00 0 0 00000080 00 cc 002C~Occ..

Si-.-

* P P P--: ---- '+ - N --

mU.
IL L: a.,

0.0•

10" 3-
85 a -

:- w S.
OK cc -4- -

*LJ gig. 3..C aa

112



Volume 2, Pt. 2

I r1 A4 rS o6I A4 .A W 4
30

hir

n VA h

V-4

I -w~iIIillH fli 1
0B 0 GD 0I

o VI iiB. ig - i g. g. g. :i-- Zia -ii p.i i . ii .

* 113



Volume 2, Pt. 2

.!0 0 J 9 a 9 0~ii

"9

U4

1i.

COC Q O a~@ Oe

'.114



Volume 2, Pt. 2

I i -

++ i i.

I 0

U di

'i

+ + '+ +.. 6+
'I •

* U•

S3 6'U"

'ii'
U 3 'AU

xA n aa C6

L:U g iI j.20 t n

LA 4. .a

-9 Idm
k U 3  

44& Uh6d 4.4'-.061 60

.0 * 0

6 ~ ~ ~ ~ ~ ~ 0 a t. 5~. ~ UC .

115



Volume 2, Pt. 2

a a

I , C, .CD 0 0 0 a . 0 0 a a a a a 0 a

848N 8 I~U!I! Id Id|

60

'Il

12

co8~ B 8 .

C M-

--- -- -- - - - - - - - --Ole

A M -C .1 M cM SM Zen wM W, wM WM go WM wM WM ig Ito ;

888~88~ ~ 888186



Volume 2, Pt. 2

S

I "

M f"I 17

404

I C .o4 -1
34C

U--- - N a R e - - -- -
V6I

'.Jtji u w d i um
8888Mac 'ZO888

117



Volume 2, Pt. 2

V D

C;04
GDa

A A f

C; C;
a #A-

d cb l .

-c vwi.

0 en*

38 §
.. e 5.. .. IVZ V EI@-

b'~5

ts .8 43 4-

U-U-;

dc IVqc-
.0

'118



Volume 2, Pt. 2

I

' o oooooo cdooooo oooo c acoo co g;

+~~~~~~~fHC 

I" iljiiijJj.•ji.cy .l~
11, 0 00 00 00 0 0 000 000 0 00 00 0 00 00 0 0 0

%. g

I--

h~Z.

CCC

to

o•• + ++ - m;,JJl -+

j -C 31 - C c
_119+ ,. •-,. •- • + < - S



Volume 2, Pt. 2

I 6 % ~ P% II- P #*. F % r.". p. t% r-. % r- ýP. . t-.t%. p.6

I ... ... ... .. . I.... "....... .~e~

o- $5 1-W - '

caCaococoa* cco 000c coo ccaa cc cco

0 10j"HH6~201MI R 2As

0 6006cc .000 coo C; 0 C3 0C;0 ; C 0

0 % AA%&M#V nAvs6j Aq"%

4c 1

C.C-C4 3111111111fill:

120



Volume 2, Pt. 2

Vo - - j j J j -_j 
-

Mv L" W--~. I.sa jUw W S i JLw w& WUjww

VSV

-c 4.3ft6 r -t-- 4

* vi

u-~ ixS.

MC LO f ' & W i%

1W LAWWW UI.Ja ~h~U1W w ww ww

88 888821



Volume 2, Pt. 2

ff* t

F. P4 Oft Z.. V.d 1.J . ,4 Z~ p..4 'Q 'qZ pq P4

Al IIIII~I 1 1 1111111
00000 O~cq 0*000OC00000OOcc 00cccoo

fi G $'

dcC L D0

W3- 'S

N.
0- SMZ MZ W

SMN Gt '.; I
Ln 3 w -3,0 S

-J UN 9 c

.J 'D N X 3e WN
~ .I.; .

.0 LA jg

j I..
U M

4I.4

o6 .'. S 1caw w

gi 999999989 99

00 %a W- - W * US * US * US ww *w w US w 6, w W *

122



Volume 2, Pt. 2

N yc v %P f h0

IWO 0- 1-- 1- 1.- 1-N

0000000 00000-0000000000

w
LO N ft *0 @ 0

W W A 1,1 W w W Loooco jcW

Wa MC

CJ~ cc
w "
j-. ~ U f ~ N * . ~

~~ ~j

'- a- sI 4

Ug 84c;88888 II
Vs -C ;5 tx aO w * ý AiY3 VSit x 4 IC v

123



Volume 2, Pt. 2

c c a acc c co co cc **cc

lot~~ w 3. 3. V .V

-0 - j IN ago w eg -e cl c - - - - N M W - - - - - -

'a..

C5 lk V I

-- j - -j -j -a -j - -j - - a

~ ~ ' 124



Volume 2, Pt. 2

4aw

bE@E

-J!

1w c

4,;~I. 4A -.2- -

~14-

Lai0

Ui .aJc. W-wi

31:* @.@0.. 0
3- Z~I

I&. I~n~r~P~d a a *

bc 2d~ &CnU 19

125



Volume 2, Pt. ?

'II

---- --- ---- --- ------da 8 8 8 8

I

SA

mmw

USAV

m U

•- •

4,n'n

126



Volume 2, Pt. 2

C * * *41 a

co0oCoco accoccocco0 00jo00 cocoa

FI t %-

to ---- - - - - - b- - -

d '0

~bIUJ W~a5W&J~dJ4JWW 2 WJJL WU w

4A ~ ~ ~ ~ ~ %A -I:-t At

-gig~ ~ ~ -eilal W -xm a

WwW W127



Volume 2, Pt. 2

w -

'ac
o a~w,@ Bq4Id S" 49 S SS S S

ii~~~~~~ IIIIhIIIIIIII"
* ~ ~ ~ ~ ~ ~ z @a0@oooe @0~co @ c

co~~~o ooc~ cc ocea128 ~



Volume 2, Pt. 2

Of low *,a 0Mm a m vv Vm am * vC * v

.. j 3333333333 '3'............

a 000C

U~~~~ U w~88888

03-C

.12



Volume 2, Pt. 2

U. iU.
f"' -"

S! *. , .

FA6

I

dd 30-0

16 a
a.

J'- .p C '

j~~ ~ ~~~ a AU- )% P cc0C .i

13



Volume 2, Pt. 2

a-w- ww v ro yf

soM

MMs

p- Ow s

-jwwv

ED 
iD

*0 0§

0011

Uj W

aw

~ = In~qn
11

x lk

U 9 ; a nI

caU

C43 LU

ccU

Em W

ata
I-.- .- -IifJS0 tAA wv a

131



Volume 2, Pt. 2

meMa*s 4 0 *a 0 X a 0C V0V

O@~0OC00@O0CO00O0@O ac@

at D I

W I

%n 0 S L

OI c 0 0 0 a

C4-

to. W WM"j

'132



Volume 2, Pt. 2

*1 &.1 41.

46.

09W of O
00000 000W 00 C0 0 00 0 0

'AA

- w 6D

.... W -j-

090

is tv is 4WD .tv i i

jm

0 II!WIIW IE4AW
D - W Z - 'W OW U. - - -j

Lo CaU cc)L00 0 0 Ca.1. 00 .0 a;

133



Volume 2, Pt. 2

C P%

ii

W4, ad '0

bdd1 U14 1
e Be at ac , a,

'3p

"M Imw 0
SO

Ic
C;' - - -

- j M 4

bg bg adlf WS bg b

KKKK K ~ 3 W0 L D~~DSK 'A134i j~



Volume 2, Pt. 2

4. 0

I3 aD 0 Q W% Cp p a

L4

o --

rc 
U.jIII 3d39aIiwcW

~J~J~3 135



Volume 2, Pt. 2

C U

cocoa cocococc accac ca 000000000

FI
vi, NO vioi :i i i ii A vi

0C0 0 000010 03000000000000* eQ @ 0 ~ ~ .~@

* .. Po **o Po *P * o oo* ooooo* *

000 000 000 080 000 00360



Volume 2, Pt. 2

I+ E

Ua

aAI

W V4

. •.. p. y+!

0.,

CJ

#A

I a. I9

SD a

1.37

9



Vollkne 2. Pt. 2

*31

U- 0

A~ A

Up- 4 0

43'

I. *IA
wat

-0$4

ticS 9

ala i

I .. *

1438



Velume 2, Pt. 2

IIA a eqw

S _

*~ .1
gas~

~~1~ 4A 31 0oeo~

P- '5- 0-

164

'5-.-

01

MC mm

Wa

1.~139



Volume 2, Pt. 2

I W UU UU W W U, U W U W U W U W W U W U U

ac

I e@@@@@eeooliltooolit i oeoco@

0i Ci C ci c co C1 a Cl CDC C cc cc c t

!II--IIIIIIII•q--., OO I' 5
A 'Y 0-

4A

V- 2' 3. 3 3. 2 a- - -. - -W . 3- a- - 3. 2- 3. - -

cc 09 t ca a

ag c
O4 a -0

U ,j )JI JLJ U IUL J U .JJqq IJ.I UJ
U- U U-S b U- U ~S U- - U U- - U U-U- U- U-U-W

o9 at
U, -2W0 0

Mc

* ~ ~ ~ c a Uzi 5 55 5

-VI

Soo 0000 1006 0 0 0a



Volume 2, Pt. 2

- ~u0u --

3-J.

knoinc'o e o cc C;i

IA e

0 ;0 0 C* 0 9 S

CL
a4 I- La 3 a.D.O

U -

40

U I I. J- 13

0 i ~ I tLd3*

L. 4A ,C 3, 0

.J- 6- 1 w:iic'4::
54 4A W L

be **1 :w 0

w V

141



Volume 2, Pt. 2

0 ccccc* *c 1111 acc0000

n IA~coc c co ~ ~ c o c

p.0

N~ ~ ~ ~~~~O II . I . p acp .pp .p .p p .p .p .~~

X ; 1 99 MW I, OW9

* LU

wMw
b!IWU( w

vsi 66t it
U wU wU U _ jt jUw jw4- -ý ý "0 - ý ý " " Ot - " "

gg gggggg go ggg ggg
r, 0 M CL & C6 ý CL L 4

cc. A*

00 C; C; C .0 ; 40

6 . 4& -& U. p. U. W M. W . U . - W. -6 L&-- - .p - -

142



Volume 2, Pt. 2

j C,

a I
Uw

. I" .P
I;c

a I y a CY a 0 0 0

*1' I
3t C4 .

NII I zI

I w! " a2
. M9

IIp I- •

143

A c %.4

ege

W w C9 cc9 M

143'



Volume 2, Pt. 2

coo 030000008000000ca C 0 C

""I

'OC i v

340 at c

®r~

414



Volume 2, Pt. 2

3p

16 1

0 1

@0

CL

C41

UII-

OI I N I

.. '

1 45



Volume 2, Pt. 2

u U

A;A!I !!i

mAA

dd

U

wm 0

1.0 Ix .2

IIn

4c c

IAA

146



Volume 2, Pt. 2

4, s

A ..

Y . % 90.

IA4.

U. ,. U. .-

I.4. * .. ".

O L

a .- c I

0 0,

So o -- -. .. 64.m • - .*3-

Z.

8 S

Wu W 39B 4M.v

414



Volume 2, Pt. 2

Iit

•' w .

Sn

3 CYI
... 1

OXA

44A

--

vi4~

C .*

4LA

414



Volume 2, Pt, 2

low,

;CC84-;c8ccOC, ; o 000000 00

9~ ~ 3.* - - - - A - -IAr - - a -3 -w w x- * m . M- z- -0 o 3w

aa 5 ; w

&d U egU&

o WU - ~ U MJ

v 0 U 0 -~~ a

4.0 U U~

M S z is JI isd b t
ifV W W U UU. 1

- -

@1 Ej3~ -
I- . t1 e t1 9LO at W me.

C; C; C;C ;;C ;C 4C ;C ;;C ;CW a J " "w J p L wW

o 149



Voiumo 2, Pt. 2

Cý~ ~ C;, a,-~cc a a cc c co 00 0 a cc 0

-aa

ECi

* Kq* * * . . . 0 , * * @ . . * ~ 6 * ~ OOaW

= ~ ~ ~ ~ ~ ~ 9 ZOO @ O@ @ O OC C @ @O Q

Iu3, ~ ~ ~ ~ ~ m atg~ g g8 g 8 8~g 8 g S

Ll . L. - - -

1.150



VolUMe 2,Pt. 2

IAI

31-

*~~p 
p--.- 44**

c 4A*&

a a

6-4I .0

ISMI

A: 719

U ,0

0 ~h U
5- ~ @53g
ad ac

151 .



'/OIUM Ie 2, Pt. 2

141

69 ~~IIIiuuI1311

0 j a 0 0 a a a a 0 aa 0 a a 0 0a

6.~ n P- V- %n 0- 0- 0- n P- - 0-0 V- V- s P 0. - &A

361~~ mm mmm wto mm mVummnm m.m

w

OiO

u wQ ww w w La tj 'i u .-w

o .LA. L6

'4- *g152



Volume 2, Pt. 2

44 101 IWOJ , qrqr Jq ww l w wq w q rq F

#A

Us w ww w w w w v vvw1w w3

-0WA1;-1 9 A; -9; -9 .0 -9*0..0 100.0A.0.-0.0 A.0.10.0D0A0A0A0A0A

1 loll lal1gl 1111il111

oe 9 N

C. 0 .~ 00 00 00 000 00 0 00 PC0 00

II

*~ Uif 
t; $- M0. O.. I-.. ~ -iiI a R s

4s"s11

.. a -j aj j j

153 CSCS



Volume 2, Pt. 2

AS A

%. 44

II

I !I~ I'Zz I

1544



Volume 2, Pt. 2

' 11 Wiwi' l A

! 5c"i P•

: W

* 49 6I 'U **

uW1

P * b * e-@ e .b

055

09 U

I.IX

ata

I 49

Mag z .. ...

155±



Volume 2, Pt. 2

*SM

V U wU W W WUe~

10~4-1 & 4

bg w

0"40

.- N

104

Ua7
US

co cau*0 c (US
ccn

41 ~Smug,
(UZ

ag -30g Ix

29.2
-C c -,c 3

vi .

0 w

A(UU

156



Volume 2. Pt. 2

Mm% ~~
- ~vi

in .t%
'S.

A .01

*4

00000

1 4A

o P o _C N

Be In,

cc 3

ov
0 -VS axi

@32 a

ww
0e acc W 0

4- ~ - 157



Volume 2, Pt. 2

wII

.. 40AA

IA.

'U Ve lgj

cd

606

#Aj 3.u -.- I

NU 2 U

0 158



Volume 2, Pt. 2

4*fiI i!!I *!! :

0; 0

at 6

- .5

1*1

=. , .,, . Il

,,i wIli

-.-- --.

= I, ,

= =• =, .. _ S-

.. 4i J L

I.; *. I. l I

o , -, .. i II .i•
Ntl•l¢i• •, '0 i!w•°'

Ia 59



Volume 2, Pt. 2

C N NN NA NN NN NyC 4C 4 N N N NN N N NNA NNC Wt

1.4 0a F, ,4 1%*p P Q . 4 r%~ 9%P. 9

AD U V~ V v~ V

IIIIPIII 11111111
ca

04 W-5' k

vi 3w
I' 0'

at M. ~ U - .J -- s

-,c awe.UJ cU * WU.J Uw.01 3.. E
1- 3.W1 L"

oz~;z 1111&--

9~ & M 6 .ch. & .. ' & I'. IL 0. i ,ibh IL M IL UL

160



Volume 2, Pt. 2

tN f4 r4 ('i N@y ty@ Ny0 %

#A Ct
SD§

p- l.0

fil@ S' I x

*c A

I.A I

@ 0 '0

I. II

IIA

-. a D

W0s 1 -' :: -
Z IA

IL 464 1, 16 L
,dc ag D
C; 0cc 00; 1 0 U

Ui~~~' w *U
-A~~~~S U.W 6U.U h

161I



Volume 2, Pt. 2

IAI

-F-A

0I . CGD;P.

.0 G

& da P. a

W. F

CW9)

00u

.16



Volume 2, Pt. 2

F 10

IAA
4'w

16 I
16&

-6. i

31C IAA

co~A

01 "31* .ff

i-

*1 *5

~~163



Volume 2, Pt. 2

~~ego0

F% t

W..

0- 4 4 4.

Oil 0 00a
* C.It ES

#A 10

INN

* v

w swI

UI'
6164



Volume 2, Pt. 2

'IA

dc

40.

R 1 21. UU W$04IAaC

1*40

Do I

*34

oila
"a :

I.; * U I..1-5



Volume 2, Pt. 2

#AA

A A

0 0"4A I a
40

I 2;

ii . !;

I.q *.I I,

44'

S_ I1. II ,

to0
VI

IOw-

A w

.- 1 6

, 5•

'mA , - •

41

iii66



44

I IIIIIIIIIIIIIII~IIw

o9 J

12.

a-e.
to~f

DoA

a at
4c0

Ii QI

z uJ

'.4 'xS

167



Volume 2, Pt. 2

S!i -i

vi'i
* I

168

as a_

**40

lie ~ ~ ~ dc 494'

C4l 16
sh h W '3-

Itu v 0 1a xia
A 3 10 v

6 168



Volume 2, Pt. 2

REFERENCES FOR APPENDIX C

ALLA83 Allahpuchay, I., M. Mishima, and T. Yoshida, "An Improvement for the
Concentration of Micropollutants in the Marine Environment by Using a
Bacteria Strain with a Membrane Filter System," BuU. Environ. Contain.
Toxicol. 30, 253-260 (1983).

BADA84 Badawy, M. T., M. A. EI-Dib, and 0. A. Aly, "Spill of Methyl Parathion in
the Mediterranean Sea: A Case Study at Port-Said, Egypt," Bull. Environ.
Contam. Toxicol. 32, 469-477 (1984).

BIDL73 Bidleman, T. F., "Chlorinated Hydrocarbons in the Sargasso Sea Atmosphere
and Surface Water," Science 183, 516-518 (1973).

CINA82 Cinar, A., and N. Ergun, "Estimation of Residue Levels of DDT and Its
Metabolites in the Main Drainage Channels of Lower Seyhan Delta
Throughout 1979," 1. Turkish Phytopath. 11, 101-106 (1982).

ELSE79 EI-Sebae, A. H. J., and M. Abu-Elamayem, "A Survey to Determine
Potential Pollution of the Mediterranean by Pesticides from the Egyptian
Region," Les Tournees Etud. Pollutions, 149-153 (1979).

ELZA83 EI-Zanfaly, H. T., M. R. Lasheen, M. M. El-Abagy, S. A. El-Hawaary, and M.
I. Badawy, "Assessment of El-Salaam Underground Water for Poultry Use,"
Environ. Int. 9, 313-317 (1983).

GALA81 Galassi, S., and A. Provini, "Chlorinated Pesticides and PCB's Contents of
the Two Main Tributaries into the Adriatic Sea," Sci. Total Environ. 17,

51-57 (1981).

GIAM76 Giam, C. S., H. S. Chan, and G. S. Neff, "Concentrations and Fluxes of
Phthalates, DDT's and PCB's to the Gulf of Mexico," Marine Pollutant
Transfer, H. L. Windom and R. A. Duce, Eds. (Lexington Books, Lexington,

MA, 1976), pp. 375-386.

169



Volume 2, Pt. 2

01AM78 Glam, C. S., H. S. Chan, G. S. Neff, and E. L. Atla, "Phthalate Ester
Plasticizers: A New Class of Marine Pollutant," Science 199, 419-421 (1978).

GORB71 Gorbach, S., R. Haarring, W. Knauf, and H. J. Werner, "Residue Analyses in
the Water System of East-Java (River Brantas, Ponds, Sea-Water) after

Continued Large Scale Application of Thiodan in Rice," Bull. Environ.

Contain. Toxicol. 6, 40-47 (1971).

GREI77 Greichus, Y. A., A. Greichus, P. D. Amman, D. J. Call, D. C. D. Hamman,

and R. M. Pott, "Insecticides, Polychlorinated Biphenyls and Metals in
African Lake Ecosystems, 1. Cartbeespoort Dam, Transvaal and Voelvlei
Dam, Cape Province, Republic of South Africa," Arch. Environ. Contain.

Toxicol. 6, 371-383 (1977).

GREI78A Greichus, Y. A., A. Greichus, P. D. Amman, and J. Hopecraft, "Insecticides,
Nolychlorinated Biphenyls and Metals in African Lake Ecosystems. III. Lake

Nakuru, Kenya," Bull. Environ. Contarnin. Toxicol. 19, 454-461 (1978).

GREI78B Greichus, Y. A., A. Greichus, H. S. Draayer, and B. Marshall, "Insecticides,
Polychlorinated Biphenyls and Metals in African Lake Ecosystems. [I. Lake
Mellwaine, Rhodesia," Bull. Environ. Contain. Toxicol. 19, 444-453 (1978).

GREV72 Greve, P. A., "Potentially Hazardous Substances in Surface Waters. II.
Cholinesterase Inhibitors in Dutch Surface Waters," Sci. Total Environ. 1,
253-265 (1972).

HARP77 Harper, D. B., "BHC Residues of Domestic Origin: A Significant Factor in
Pollution of Freshwater in Northern Ireland," Environ. Pollut. 12, 223-233

(1977).

HARP80 Harper, T). B., Organochlorine Pesticide Pollution in Northern Ireland," Anal.
Proc. 17, 414-417 (1980).

HERZ72 Herzel, F., "Organochlorine Insecticides in Surface Waters in
Germany--1970 and 1971," Pestic. Monit. 1. 6, 179-187 (1972).

170



Volume 2, Pt. 2

HUGH70 Hughes, R. A., G. D. Veith, and G. F. Lee, "Gas Chromatographic Analysis
of Toxaphene in Natural Waters, Fish, and Lake Sediments," Water

Res. 4, 547-558 (1970).

JONA78 Jonas, R. B., "Chlorinated Hydrocarbon Pesticides in Western North Atlantic

Ocean," Environ. Sci. Technol. 10, 770 (Aug., 1976).

KAHA74 Kahanovitch, Y., and N. Lahav, "Occurrence of Pesticides in Selected Water
Sources in Israel," Environ. Sci. Technol. 8, 726-768 (1974).

KALL77 Kallqvist, T., and B. S. Meadows, "Pesticide Levels in the Kenyan Rural

Environment," African Environ., 163-170 (1977).

KANN79 Kannan, V., and S. V. Job, "Studies on the Residual Levels of Pesticide
Pollution in the Sathiar Reservoir," 1. Radioanal. Chem. 53, 247-253 (1979).

LAHA74 Lahar, N., and Y. Kahanovitch, "Lindane Residues in the Southern Coastal

Aquifer of Israel," Water Air Soil Pollut. 3, 253-259 (1974).

LENA84 Lenardon, A. M., M. 1. M. DeHevia, J. A. Fuse, C. B. DeNochetto, and
P. J. Depetris, "Organochlorine and Organophosphorus Pesticides in the

Parana River (Argentina)," Sci. Total Environ. 34, 289-297 (1984).

LENO72 Lenon, H., C. LaVerne, A. Miller, and D. Patulski, "Insecticide Residues in
Water and Sediment from Cisterns on the U.S. and British Virgin
Islands--1970," Pestic. Monit. 1. 6, 188-193 (1972).

MADD82 Maddy, K. T., H. R. Fong, J. A. Lowe, D. W. Conrad, and A. S. Fredrickson,
"A Study of Well Water in Selected California Communities for Residues of

1,3-Dichloropropene, Chloroallyl Alcohol, and 49 Organophosphate or

Hydrocarbon Pesticides," Bull. Environ. Contamn. Toxicol. 29, 354-359 (1982).

MEIE83 Meier, P. G., D. C. Fook, and K. F. Lagler, "Organochlorine Pesticide

Residues in Rice Paddies in Malaysia, 1981," Bull. Environ. Contam. Toxicol.

30, 351-357 (1983).

171



Volume 2, Pt. 2

MEST83 Mestres, R., and J. F. Cooper, "Monitoring of Chlorinated Hydrocarbons in
Water, Sediment, and Biota in the Mediterranean," Pesticide Chemistry:
Human Welfare and the Environment; Proceedings of the 5th International
Conaress of Pesticide Chemistry, Kyoto, Japan, 29 August--4th September
1982, Vol. 4: Pesticide Residues and Formulation Chemistry, J. Miyamoto, et

al., Eds. (Pergamon Press, New York, NY, 1983), pp. 141-146.

MUKH80 Mukherjee, D., B. R. Roy, J. Chakraborty, and B. N. Ghosh, "Pesticide
Residues in Human Foods in Calcutta," Indian 1. Med. Res. 72, 577-882

(1980).

NICH64 Nicholson, H. P., A. R. Grzenda, G. J. Layer, W. S. Cos, and J. T. Teasley,
"Water Pollution by Insecticides in an Agricultural River Basin. I.
Occurrence of Insecticides in River and Treated Municipal Water," Limnol.
Oceano[r. 9, 310-317 (1964).

OCH176 Ochai, M., and T. Hanya, "Alpha- and Gamma-BHC in Tamagawa River
Water, Japan (September 1968--September 1969)," Environ. Pollut. 11,

161-166 (1976).

OSMA80A Osman, M. A., and M. H. Belal, "Persistence of Carbaryl in Canal Water,"
Environ. Sci. Health B15, 307-311 (1980).

OSMA8OB Osman, M. A., M. Belal, A. M. Nomiassy, and A. M. Yousse, "Organic
Contaminants in Water," 1. Environ. Sci. Health B15, 295-306 (1980).

OSTE77 Osterroht, C., "Dissolved PCB's and Chlorinated Hydrocarbon Insecticides in
the Baltic, Determined by Two Different Sampling Procedures," Mar. Chem.
5, 113-121 (1977).

OUW74 Ouw, K. H., and A. G. Shandar, "A Health Survey of WeeWaa Residents
During 1973 Aerial Spraying Season," Med. 1. Aust. 2, 871-873 (1974).

PAZ76 Paz, J. D., "Preliminary Study of the Occurrence and Distribution of DDT
Residues in the Jordan Watershed, 1971," Pestic. Monit, . 10, 96-100 (1976).

172



Volume 2, Pt. 2

POLE83 Polemic, M., S. A. Bufo, and M. R. Provenzano, "Chlorinated Hydrocarbon

Pesticide Residues in Irrigation Waters," Sci. Tech. Lett. 4, 189-196 (1983).

PUCC80 Puccetti, G., and V. Leoni, "PCB and HCB in the Sediments and Waters of

the Tiber Estuary," Mar. Pollut. Bull. 11, 22-25 (1980).

PURN77 Purnomo, A., and A. Hanafi, "Agricultural Pesticides in Brackish Water

Environment and Suggestions for Protecting Aquaculture Resources,"

ASEAN. First ASEAN Meeting of Experts in Aquaculture, Semarang,

Indonesia, 1977, ASEAN 77/FA. EgA. Rpt.2.

RAJU82 Raju, G. S., K. Visweswariah, J. M. M. Galindo, A. Khan, and

S. K. Majumder, "Insecticide Pollution in Potable Water Resources in Rural

Areas and the Related Decontamination Techniques," Pesticides 16, 3-6

(1982).

SAAD82 Saad, M. A. H., M. M. Abu-Elamayem, A. H. El-Sebae, and I. F. Sharaf,

"Occurrence and Distribution of Chemical Pollutants in Lake Mariut, Egypt.
I. Residues of Organochlorine Pesticides," Water Air Soil Pollut. 17, 245-252

(1982).

SAST83 Sastry, M. S., "Monitoring of Pesticide Residues in Animal Feeds and Animal

Products," Pesticides 17, 36-38 (1983).

SCHO81 Schou, L., and J. E. Krane, "Organic Micropollutants in a Norwegian

Water-Course," Sci. Total Environ. 20, 277-286 (1981).

SSER74 Sserunjoji, J. M. S., A Study of Organochlorine Insecticide Residues in

Uganda, with Special Reference to Dieldrin and DDT, IAEA-SM-175/36

(1974), pp. 43-45.

SUZU74 Suzuki, M., Y. Yamato, and T. Aki-,ama, "BHC (1,2,3,4,5,6-Hexachloro-

cyclohexane) Residue Concentrations in the Kitakyushu District, Japan

1970-1973," Water Res. 8, 643-649 (1974).

173



Volume 2, Pt. 2

SUZU77 Suzuki, M., Y. Yajnato, and T. Akiyama, "Occurrence and Determination of

a Herbicide Benthiocarb in Rivers and Agricultural Drainages," Water Res.

11, 275-279 (1977).

SUZU78 Suzuki, M., Y. Yamato, and T. Akiyama, "Fate of Herbicide CNP in Rivers

and Agricultural Drainages," Water Res. 12, 777-781 (1978).

SWAI82 Swain, W. R., M. D. Mullin, and J. C. Filkins, Refined Analysis of Residue

Forming Organic Substances in Lake Trout from the Vicinity of Isle Royale.

Lake Superior, Paper -resented before the 25th Annual Meeting of the

International Association for Great Lakes Research, 4-6 May 1982, Sault

Ste. Marie, Ontario, Canada.

TANA80 Tanabe, S., and R. Tatsukawa, "Chlorinated Hydrocarbons in the North

Pacific and Indian Oceans," 1. Oceanogr. Soc. lpn. 36, 217-226 (1980).

TANA82 Tanabe, S., R. Tatsukawa, M. Kawano, and H. Hidaka, "Global Distribution

and Atmospheric Transport of Chlorinated Hydrocarbons: ACH (BHC)

Isomers and DDT Compounds in the Western Pacific, Eastern Indian, and

Antarctic Ocean," J. Oceanoqr. Soc. Jpn. 38, 137-148 (1982).

TANA83 Tanabe, S., H. Hidaka, and R. Tatsukawa, "PCB's and Chlorinated

Hydrocarbon Pesticides in Antarctic Atmosphere and Hydrosphere,"

Chemosphere 12(2), 277-288 (1983).

TEIM79 Teimotry, S., and M. Hosseiny-Shekarabi, "Residue Estimation of Some

Insecticides Used Against Rice Stem Borer in Paddy Fields in the Field

Water," Entomol. Phytopathol. Appl. 49, 79-95 (1979).

VAND78 VanDyk, L. P., "Plaagdoders in Riverwater van die Nasionade

Krugerwildtuin," Koedoe. 21, 71-80 (1978).

WALL79 Waller, W. T., "Evaluation of Observations of Hazardous Chemicals in Lake

Ontario During the International Field Year for the Great Lakes," Environ.

Sci. Technol. 13(1), 79-85 (1979).

4

174



Volume 2, Pt. 2

WEGM78 Wegman, R. C., "Halogenated Hydrocarbons in Dutch Water Samples over

the Years 1969-1977," Environ. Sci. Res. 16, 405-415 (1978).

WEIS80 Weise, A. F., "Loss of Fluometuron in Runoff Water," I. Environ. Oual. 9(1),

1-15 (1980).

WEST79 West, S. D., E. W. Day, and R. 0. Burger, "Dissipation of the Experimental

Aquatic Herbicide Fluridone from Lakes and Ponds," 1. Aeric. Food Chem.

27, 1067-1073 (1979).

WEST83 West, S. D., R. 0. Burger, G. M. Poole, and D. H. Mowrey, "Bioconcentration

and Field Dissipation of the Aquatic Herbicide Fluridone and Its Degradation

Products in Aquatic Environments," 1. Agric. Food Chem. 31, 570-585 (1983).

WILL83 Willis, G.H., L.L. McDowell, C.E. Murphree, L.M. Southwick, and S. Smith,

"Pesticide Concentrations and Yields in Runoff from Silty Soils in the Lower

Mississippi Valley," 1. Agric. Food Chem. 31, 1171-1177 (1983).

WONG83 Wong, S-S., "Problems on Environmental Safety Associated with Pesticides

Usaige in Li-Shan Orchards," 1. Agric. Assoc. China, New Series No. 123,

Sept. (1983).

YAMASNA Yarnato, Y., and M. Suzuki, "Occurrence of Herbicide Oxadiazon in Surface

Waters and Tap Water," Water Res. 14, 1435-1438 (1980).

YAMA8OE Yamato, Y., M. Suzuki, K. Shimohara, and T. Akiyama, "Behavior of HCH

(i,2,3,4,5,6-Hexachlorocyclohexane) Residue in the Aquatic Environment,"

Water Res. 14, 247-251 (1980).

YAMA81 Yamagishi, T., and K. Akiyama, "1,3,5-Trichloro-2-(4-nitrophenoxy)

Benzene in Fish, Shellfish, and Seawater in Tokyo Bay, 1977-1979," Arch.

Environ. Toxicol. 10, 627-635 (1981).

175



Volume 2, Pt. 2

DISTRIBUTION (Continued)

1 copy Commander
U.S. Army Materiel Command
ATTN: AMCGS-O
Alexandria, VA 22333-0001

1 copy Commander
U.S. Army Environmental Hygiene Agency
ATTN: HSHB-EW-R
Aberdeen Proving Ground, MD 21010-5422

and
1 copy Commander

U.S. Army Environmental Hygiene Agency
ATTN: HSHD-AD-L
Aberdeen Proving Ground, MD 21010-5422

and
I copy Commander

U.S. Army Environmental Hygiene Agency
ATTN: HSHB-OM
Aberdeen Proving Ground, MD 21010-5422

1 copy Commander/Director
U.S. Army Construction Engineering Research

Laboratory
ATTN: CERL-EN
Champaign, IL 61820-1305

1 copy Director
Walter Reed Army Institute of Research
ATTN: SGRD-UWK
Washington, DC 20307-5100

1 copy Commandant
U.S. Army Academy of Health Sciences
ATTN: HSHA-CDS
Fort Sam Houston, TX 78234-6100

1 copy Commander
U.S. Army Belvoir Research, Development

and Engineering Center
ATTN: STRBE-FS
Fort Belvoir, VA 22060-5606

1 copy Commander
U.S. Army Natick Research, Development

and Engineering Center
ATTN: DRDNA-YE
Natick, MA 01760-5020

1 copy Commander
U.S. Army Research Institute of

Environmental Medicine
"ATTN: SGRDUE-HR
Natick, MA 01760-5007



Volume 2, Pt. 2

DISTRIBUTION

26 copies Commander
U.S. Army Biomedical Research

and Development Laboratory
ATTN: SGRD-UBZ-C
Fort Detrick
Frederick, MD 21701-5010

2 copies Commander
U.S. Army Medical Research

and Development Command
ATTN: SGRD-RMI-S
Fort Detrick
Frederick, MD 21701-5010

2 copies Defense Technical Information Center (DTIC)
ATTN: DTIC-DDA
Cameron Station
Alexandria, VA 22304-6145

1 copy Dean
School of Medicine
Uniformed Services University of

the Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20814-4799

1 copy Commandant
Academy of Health Sciences, U.S. Army
ATTN: AHS-CDM
Fort Sam Houston, TX 78234-6100

1 copy Commander
U.S. Army Materiel Command
ATTN: AMCEN-A
5011 Eisenhower Ave.
Alexandria, VA 22333-000

1 copy Commandant
U.S. Army Quartermaster School
ATTN: ATSM-CD
Fort Lee, VA 23801-5000

1 copy Commander
U.S. Army Chemical Research, Development

and Engineering Center
ATTN: SMCCR-CBM
Aberdeen Proving Ground, MD 21010-5423

and
I copy Commander

U.S. Army Chemical Research, Development
and Engineering Center

"ATTN: SMCCR-RST
Aberdeen oroving Ground, MD 21010-5423



Volume 2, Pt. 2

DISTRIBUTION (Continued)

1 copy Dr. Kris Khanna
U.S. Environmental Protection Agency
Office of Drinking Water (WH-550)
Washington, DC 20460-5101

and
1 copy Mr. Frank Bell

U.S. Environmental Protection Agency
Offine of Drinking Water (WH-550)
Washington, DC 20460-5101

1 copy Dr. Vincent J. Ciccone, President
V.1. Ciccone & Associates, Inc.
14045 Jeff Davis Hwy (Suite 5)
Woodbridge, VA 22191

1 copy Dr. Robert C. Cooper, Director
Sanitary Engineering and Environmentai Health

Research Laboratory (Bldg. 112)
University of California, Richmond Field Station
47th & Hoffman Boulevard
Richmond, CA 94804

1 copy Dr. John A. Dellinger
Department of Veteranary Biosciences
University of Illinois, Urbana Campus
2001 S. Lincoln Avenue
Urbana, IL 61801

1 copy Dr. Lawrence B. Gratt, President
IWG Corp.
1940 Fifth Avenue (Suite 200)
San Diego, CA 92101

1 copy Dr. Dennis P.H. Hsieh
Department of Environmental Toxicology
University of California, Davis
Davis, CA 95616

1 copy Dr. Robert Scofield
ENVIRON Corporation
6475 Christie Avenue
Emeryville, CA 94608

1 copy Dr. Robert E. Selleck
Environmental Engineering Department
School of Engineering (Davis Hall Rm. #635)
University of California, Berkeley
Berkeley, CA 94720



Volume 2, Pt. 2

DISTRIBUTION (Continued)

1 copy Commander
U.S. Army Medical Research and

Development Command
ATTN: SGRD-PLC
Fort Detrick, Frederick, MD 21701-5012

1 copy HQDA OTSG
ATTN: DASG-PSP-E
5111 Leesburg Pike
Falls Church, VA 22041-3258

1 copy NAVMED COM
Code MEDCOM 02C
Washington, DC 20372-5120

1 copy HQ, USAF, Boiling AFB
ATTN: SGES
Washington, DC 20332-5000

1 copy U.S. Navy Environmental Health Center
"Code 64
Norfolk, VA 23511

1 copy HQ, U.S. Marine Corps
Office of the Medical Officer
Code Med
Washington, DC 20380-5000

1 copy Commander
U.S. Army Medical Research Institute of

Chemical Defense
ATTN: SGRD-ZS
Aberdeen Proving Ground, MD 21010-5425

1 copy U.S. Air Force Engineering Services Center
ATTN: AFESC/DEOP
Tyndall AFB, FL 32403

1 copy Naval Sea Systems Command
Theater Nuclear Program Office
ATTN: PMS-423-M
Washington, DC 20362-5101

1 copy Commander
U.S. Army Nuclear and Chemical Agency
ATTN: DONA-CM
7500 Backlick Road, Bldg. 2073
Springfield, VA 22150-3198


